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Introduction 

General statement. — The present introductory discussion and the ex- 
perimental study reported in this paper deal with the influence of tempera- 
ture and of the concentration or partial pressure of oxygen in the surround- 
ings, on the rate of evolution of C0 2 by higher plants in darkness and with 
adequate water supply. There is a considerable literature on the relation 
of higher plants to oxygen supply, and the literature on the influence of 
temperature and oxygen supply upon respiration in lower plant forms 
(such as bacteria, yeasts and fungi) likewise is extensive, but with the latter 
aspect of the subject we need not be concerned here. 

Respiration rates may be ascertained in terms of the absorption of 
oxygen and of the disappearance of the respired plastic materials, such as 
carbohydrates, etc., but the rate of C0 2 production furnishes the most con- 
venient and practical index of respiratory activity, and it is the index that 
has generally been employed in experimentation in this field; therefore 
measurements on CO s production will here be generally considered as indi- 
cations of the respiration rate. The respiration rate is so dependent on 
temperature that no very extensive study of the process could be made 
without the inclusion of temperature among the measured variables and it 
is necessarily included here. The influence of light on respiratory activity 
appears to bo slight in all eases where such influence seems to occur, except- 
ing those instances where light operates through the photosynthesis of carbo- 
hydrate, in which instances it cannot be studied directly ; indeed the experi- 
mental problem of the physiological control of respiration in green plants 
in light is a very special and difficult one. The water content of the respir- 
ing tissues is known to influence respiration very markedly, but only in its 
lower ranges; it may consequently be left out of account when the respiring 
material is well supplied with water. In a similar manner the influence of 
the partial pressure of COj in the surroundings may be neglected when the 
gaseous products of respiration are allowed to escape freely so as not to 
accumulate within the cells to any significant extent. There are of course 
innumerable unessential substances that influence respiration, growth, etc., 
if present in suitable concentrations in the surroundings, their effects being 
sometimes to accelerate respiration and sometimes to retard it, according 
to their natures and their concentrations. Any of these substances may be 
made the subject of special study after the fundamental temperature-oxygen 
relations of respiration have been worked out for a given plant material. 
When such substances are absent or in sufficiently low concentrations it is 
not necessary to consider them. 

After the study here reported had been completed another series of ex- 
periments was planned and carried out under similar conditions but in- 



4 


PLANT PHYSIOLOGY 


eluding a constant partial pressure of ethylene, an unessential substance 
that has recently assumed considerable importance in respect to the arti- 
ficial treatment of fruits, vegetables, etc., for the market. The results of 
the ethylene experiments are reserved for another paper, although some 
aspects of the problem of ethylene influence are briefly considered in the 
present contribution. 

The process of respiration is fundamental in all vital activity and in- 
creased knowledge concerning it is needed in many parts of the field of plant 
physiology and ecology, including agronomy, horticulture, forestry, etc. 
The influence of environmental conditions on respiration is inevitably in- 
volved whenever the more general processes of growth and development are 
being studied, as in discussions of seed germination [Hutchins, (18)], the 
behavior of roots in soils [Cannon, (7) ], and the behavior of fruits, tubers, 
roots, cuttings, etc., in storage. 

Because the respiration process as a whole is closely related to vitality 
in general and to the various kinds of growth and developmental changes 
that occur in a plant (such as enlargement, ripening, etc.), it is always 
desirable to give some attention to growth and development when respira- 
tion is to be studied. This is especially true when germination processes 
and ripening processes are considered, in which development and respira- 
tion are bo interrelated as to be incapable of separation, even in theory and 
definition. Consequently the present paper includes some discussion of the 
relation of growth to oxygen supply and temperature. 

A brief r6sum6 of our knowledge concerning the influence of oxygen 
concentration and temperature upon the rate of evolution of CO, by higher 
plants in darkness and without water deficiency is presented below. 

Relation of oxygen pressure to CO, production. — Kostytschew, in 
his recent special monograph on plant respiration (25, p. 18-19) confines 
his review of the literature bearing directly on the influence of oxygen con- 
centration to a single paragraph. His general conclusion is that, except 
for plants under extreme conditions, as when they are in nearly pure oxygen 
or in an atmosphere with less than 1 or 2 per cent, of oxygen, the concen- 
tration of that element has little effect on the rate of respiration. Palladin 
(32, p. 215) makes the brief statement that the partial pressure of oxygen 
in the surrounding atmosphere influences plant respiration without chang- 
ing the value of flte respiratory ratio. This statement is probably based 
on the results of Godeewski’s work (12). Kostytschew cites the work of 
de Saussurs, Wilson, Johannsen, and Stich, which seems to show that 
changes in external oxygen pressure, even to a considerable degree, effect 
little change in the rate of CO, production. But the results secured by 
Godlewski point to a different conclusion. 



MACK; GERMINATING WHEAT 


5 


In Godlewski’s experiments (12) on radish seedlings a gradually 
diminishing concentration of oxygen was brought in an enclosed space, by 
the respiration of the seedlings contained therein, and the rate of CO, pro- 
duction steadily decreased as the partial pressure of oxygen was reduced. 
It might be thought, however, that this reduction in respiratory rate may 
perhaps have been related to accumulation of products of physiological 
activity as well as to the lowering of the oxygen pressure. 

In Wilson’s experiments (46) sunflower seedlings gave off as much 
C0 2 when in a mixture of 1 volume of ordinary air and 4 volumes of hydro- 
gen as they did when in ordinary air. When, however, the seedlings were 
changed from air to a mixture of 1 volume of air and 19 of hydrogen, the 
rate of C0 2 production fell from 18.6 mg. per hour to 12.1 mg. per hour, 
and when these same seedlings were returned to air the rate rose to 17.8 mg. 
per hour. The time of exposure was from 1 to 1.5 hours. In Such’s ex- 
periments (43) on wheat seedlings and with an exposure time of one hour, a 
change in the concentration of oxygen in the surroundings from 20.8 per 
cent, (ordinary air) to 2.0 per cent, caused no change in the rate of C0 2 
production. Johannsen (19) found that an increase in the total pressure 
of ordinary air up to 2 and even to 5 atmospheres produced no effect on the 
carbon dioxide output of pea seedlings. Respiration of pea seedlings in 
nearly pure oxygen at ordinary pressures was no more rapid than in air ; 
maize seedlings, however, produced C0 2 a little more rapidly when sur- 
rounded by nearly pure oxygen. When sunflower seedlings that had been in 
air were tested for 45 minutes in a mixture of 1 volume of air and 20 of 
hydrogen there was a decrease in the rate of evolution of C0 2 and when they 
were returned to air at the end of the 45-minute period the rate increased 
slightly, but the original rate in air was not regained in three-quarters of an 
hour after the return. The relative rates for air, air-hydrogen mixture, and 
air in succession were 14, 9, and 10, respectively. 

It is interesting to note that Wurmser and Jacquot (47) found a very 
striking dependence of the respiration rate of a kelp ( Laminaria saccharine) 
on the oxygen content of the surrounding sea water. For oxygen contents 
of 5.2, 6.0, 12.0, 20.0, and 26.0 cc. per liter of water, the relative rates of 
C0 2 production were 1.0, 1.6, 2.4, 3.1, and 6.3, respectively, being approxi- 
mately proportional to the oxygen content of the water. Hee and Bonnet 
(15), however, in similar studies on higher plants, found only slight in- 
creases in the respiration of water-weed (Elodea sp.) and water milfoil 
(Mytiophyllum spicatum ) for increases in the oxygen content of the sur- 
rounding water from approximately 3 to 20 cc. of oxygen per liter. The 
time of observation for each oxygen concentration was from 3 to 4 hours, and 
the same individual plant was used throughout the series. In the field of 
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animal physiology, Amberson, Mayerson and Scott (1) found that, for 
the lobster ( Homarus americanus), the annelid worm {Nereis virens), the 
king crab, ( Limulus polyphemus) and the blue crab ( CaUinectes sapidus), 
the rate of oxygen consumption was directly proportional to the oxygen 
tension of the sea water surrounding them, for a wide range of oxygen 
tensions. For a shrimp (Palaemonetes vulgaris) and a squid {Loligo 
pealei) the rates of oxygen consumption were directly proportional to 
oxygen tension of the sea water when this was below 50 per cent., and 30 
per cent, of oxygen saturation, respectively. Above these values, however, 
the oxygen consumption of these two forms was found to be independent of 
the concentration of oxygen. Nomura (31) found that oxygen consumption 
by a holothurian sea-slug ( Caudina chtlensis) was directly proportional 
to the/ oxygen tension of the surrounding water. These authors point out 
that oxygen consumption should be directly proportional to oxygen tension 
if there is an oxygen deficit in the tissues and if the rate of oxygen con- 
sumption is limited by the rate of diffusion of oxygen into the tissues. 

Several investigators have found that in very small organisms in which 
diffusion of gases occurs very rapidly, oxygen consumption does not de- 
crease appreciably with reduced oxygen concentration until a very low con- 
centration has been reached. Below this critical pressure the oxygen con- 
centration appears to limit the rate of functioning of the respiratory mecha- 
nism. Snoup (41) has reviewed some of these studies and has shown ex- 
perimentally that oxygen consumption by luminous bacteria is independent 
of oxygen pressure within the pressure range from 152 mm. of mercury 
(0.20 atm.) down to 22.8 mm. (0.03 atm.). Below the last mentioned pres- 
sure the curve for the rate of oxygen consumption as related to oxygen 
pressure is similar to curves for adsorption of gases at catalytic surfaces, 
which leads Shoup to state that “luminous bacteria are so small that oxygen 
collecting at the catalytic surface of the oxidation mechanism of the cell 
becomes the limiting factor determining the rate of oxygen consumption 
rather than the oxygen diffusing into the cell.” The respiratory activity 
of luminous bacteria ceased in pure nitrogen, and in pure oxygen the con- 
sumption of oxygen was irreversibly inhibited. 

In the experiments on plant forms where no change in respiration was 
reported when the environmental oxygen pressure was increased or de- 
creased, the periods of observation usually were short. Johannsen's mea- 
surements (19) of C0 2 production by sunflower seedlings successively 
exposed to air, air-hydrogen mixture and air, furnish evidence that the 
previous experience of the plants was an important condition in determin- 
ing their respiration behavior in the short time periods employed. In the 
light of the studies of Amberson and his co-workers and of Nomura, the 
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results secured by Wurmser and Jacquot indicate that in the ease of kelp, 
the rate of diffusion of oxygen into the tissues was a limiting factor in 
respiration on the supposition that the rate of diffusion would be directly 
proportional to the partial pressure of dissolved oxygen in the water. In 
the ease of invertebrate animals differences in the responses of the several 
forms were probably determined by internal conditions of a regulatory 
nature. 

If, under a given set of environmental conditions not dependent on 
oxygen supply, a plant or a plant tissue fails to show a changed rate of 
respiration corresponding to an alteration in the oxygen concentration of 
the surroundings, two possible explanations may be suggested. (1) The 
rate of oxygen supply within the cells may be proportional to the external 
partial pressure of oxygen but the rate of supply may not be a limiting 
condition under the circumstances; the lower rate of supply may be 
adequate, the higher rate producing neither increase nor decrease in 
respiratory activity. (2) An alteration of the partial pressure of oxygen 
in the environment may actually result in a change in respiration rate but 
there may be a marked time lag between the environmental change and the 
first appearance of the resulting internal effect, the observation interval 
being too short to show the response. The second suggestion emphasizes the 
extreme importance of duration in all physiological experimentation, a con- 
sideration that will be reverted to farther on. 

Influence of temperature on C0 3 production. — The literature con- 
cerning the influence of temperature on CO, production by plants was re- 
viewed by Kanitz (20) in 1915, whose review included other life-processes 
of plants and animals, and by Kostvtschew (26, p. 16) in 1924. Kanitz 
attempted to analyze the relations of plant respiration and temperature in 
terms of temperature coefficients and pointed out that in many cases the 
quotient (Q,„) of the rate of C0 2 production for a given temperature di- 
vided by the corresponding rate for a temperature 10 degrees lower lies 
between 2 and 3 for some 10-degree ranges. The coefficient is lower, how- 
ever, for 10-dogree ranges in higher regions of the thermometer scale and 
higher for 10-degree ranges in lower regions of the scale. As Fawcett has 
pointed out (11), the value of the 10-degree temperature coefficient for any 
process that has a temperature minimum and a temperature maximum must 
van’ all the way from infinity (for 10-degrec ranges partly below the 
minimum) to zero (for 10-degree ranges partly above the maximum), and 
it is not particularly important that the coefficient value is about 2 or 3 
for some intermediate ranges. The interesting thing about temperature 
coefficients in general is not the actual value of the coefficient for any given 
10-degrec range but the manner of variation of the coefficient with regard 
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to the position of the 10-degree range in the temperature interval between 
minimum and maximum. 

Kostytschew emphasized the point that there appears to be no optimum 
temperature for the production of C0 2 , above which the range is lower with 
higher temperature, for the rate gradually increases with rising tempera- 
ture, to a maximum value at which it remains with still higher temperatures, 
until the thermal death point of the plant is reached. The same author 
referred also to the stimulating effect of abrupt temperature changes, as in- 
dicated by Palladin’s work on this subject (33). In Palladin’s studies, 
as cited by Kostytschew, etiolated terminal buds of Windsor bean (Vida 
faha ) were kept on 10-per cent, sugar solution at low, medium and high 
temperatures for 3 days. When the rate of C0 2 production was then deter- 
mined at the medium temperature, the rate was greater for the buds that 
had been kept at the high and at the low temperatures than for those which 
had been kept at the medium temperature and this had experienced no tem- 
perature change just prior to the measurement. 

But Kostytschew did not mention Blanc’s objections to Palladin's 
interpretation. Blanc (5) pointed out that plant material kept for a time 
at one temperature is not to be considered as similar internally to material 
that has been kept for the same time at another temperature. In his own 
experiments, on etiolated terminal buds of Windsor bean (Vida faba), 
young leaves of barley (Secdle cereale ) and embryos of ordinary bean 
(Phaseolus vulgaris), he ascertained the rate of C0 2 production for a given 
medium temperature, then exposed the material for an hour to & lower or 
higher temperature, and then again ascertained its rate of C0 2 production 
at the original medium temperature. The results showed a somewhat lower 
or somewhat higher rate in the second period at the medium temperature, 
according to whether the intermediate temperature was lower or higher, 
respectively, than the medium temperature. These observations were in- 
terpreted as failing to show stimulating effects for changes of temperature, 
although they indicate an after-effect of the intermediate exposure. It 
seems that the distinction among after-effects, lags, stimulations, etc., are 
very difficult and involved, and it may be best not to attempt any close 
analysis of the ‘problem here suggested until much more experimentation 
has been carried out, with due attention given to all the influential 
conditions. 

Influence of CO, concentration on respiration.— Spoehr and McGee 
( 42 ) found that changes in the CO, content of the air surrounding a leaf 
had a temporary inverse effeet cm the rate of C0 2 emission. This effect 
varied in degree with different species. If the CO, concentration were 
maintained at a constant value after a change, the rate of CO, emission 
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finally became about the same as it was before the change. Kidd (21) 
found that both anaerobic and aerobic C0 2 production were reduced by 00 2 
in the surrounding air. When oxygen was present, but in deficient amounts, 
so that some degree of anaerobic C0 2 production occurred, CO, in the 
atmosphere exerted no retarding effect. In ordinary aerobic respiration, 
with ample oxygen supply, however, the same quantitative relation was 
found between aerobic C0 2 production and the C0 2 concentration as be- 
tween anaerobic respiration and C0 2 concentration. The inhibiting effect 
of C0 2 in the surroundings on germination of seeds, sprouting of tubers, 
and ripening of fruits, as found by Kidd and West (22, 23, 24), seems to 
be associated with its effects on respiration. The magnitude of the retard- 
ing influence was influenced by the concentration of oxygen in the sur- 
roundings. 

Influence of unusual chemical substances on C0 2 production and 
on ripening processes. — Increased knowledge of the conditions that influence 
respiration promises to be valuable, and indeed quite essential, to an under- 
standing of many forms of chemical stimulation, as, for example, the in- 
fluence of ethylene on the ripening, blanching, etc., of fruits and vegetables, 
which has recently attracted much attention. The conflicting nature of the 
results reported by those who have made careful studies on the influence 
of ethylene suggests that this practical application can become understood 
and standardized only in terms of the basic physiological processes and rate 
changes that are involved, notably the phenomena of respiration. Some of 
the methods employed in treating plant material with this gas surely pro- 
duce changes in the partial pressure of oxygen and of C0 2 about the stimu- 
lated tissues; for treatment in many instances has consisted in enclosing in 
a tight container the material to be treated, without any continuous flow 
of the gas mixture through the confined space. The influence of ethylene, 
or of any other gas, cannot be satisfactorily studied unless the method of 
continuous gas flow is employed. With suitable continuous flow of a known 
gas mixture the partial pressure of the gases used may be maintained almost 
constant and r0 2 , or other gases produced, may be constantly removed, 
avoiding troublesome accumulation. An experimental study on the in- 
fluence of ethylene upon respiration and growth of young wheat seedlings 
was carried out in connection with the investigation reported in this paper, 
but the results obtained, together with some discussion of the general prob- 
lem of ethylene influence, are reserved for another publication, as has been 
noted. 

Influence of oxygen pressure on growth and development. — Among 
the early investigators who studied the relation of oxygen to growth and 
development should be mentioned the Swedish chemist, Scheele (38) (who 
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discovered oxygen independently in 1771), Huuboldt (17), Hollo (36), 
de Saussuke (37) and DSbereiner (10). Their experiments dealt mostly 
with germination of seeds and growth of seedlings in nearly pare oxygen 
and in ordinary air. Germination was more rapid in oxygen than in ordi- 
nary air, but seedling growth was less vigorous in oxygen. DAbereiner 
studied the enlargement of seedlings in air with increased and with reduced 
total gas pressure. Barley plantlets grown in air with half the ordinary 
total atmospheric pressure were more spreading, softer, and somewhat 
shorter than others grown at the same time in air with a total pressure of 
2 atmospheres. There was more guttation in the plantlets grown with low 
pressure and this was considered to indicate higher turgidity. The dif- 
ferences in growth were attributed to turgor differences. 

This subject was studied more thoroughly in the quarter century between 
1873 and 1900, by Bohm, Bert, Wieler, Jentys, Jaccard and Schaible. 
BOhm (6) found that the growth of plants at the expense of reserve ma- 
terials was slower in nearly pure oxygen at a pressure of 1 atmosphere than 
it was in ordinary air, but growth in oxygen was more rapid (and like that 
occurring in ordinary air) if the oxygen tension were reduced until it was 
equal to that of the oxygen in ordinary air, the reduction being accom- 
plished either by reducing the total gas pressure or by diluting the oxygen 
with hydrogen. Bert (3) concluded that variations in either direction 
from the ordinary partial pressure of oxygen as it occurs in the air result ed 
in decreased growth, and he attributed these differences in growth rate to 
differences in oxygen tension. 

These studies of Bert, Wieler, Jentys and Schaible were summarized 
by Pfeffer (36), who came to the generalization that most aerobic plants 
fail to grow in air at ordinary atmospheric pressure when the oxygen content 
of the air is less than from about 0.1 to about 3 per cent, by volume. He 
interpreted the effects of considerable differences in the total pressure 
of the surrounding air as influences on turgor, thinking that suitably 
diminished pressure increased turgor and so tended to accelerate enlarge- 
ment, while sufficiently increased pressure at first reduced turgor and 
tended to reduce enlargement, though later it might evoke apparently 
adaptive responses of an opposite character, which Pfeffer designated as 
counter-effects. As to the influence of partial pressure or percentage of 
oxygen in the air about the plant, Pfeffer concluded that sufficiently in- 
creased oxygen percentage in air, with the ordinary total pressure, generally 
retarded growth, an effect apparently due to the oxygen itself, acting as a 
chemical influence. He pointed out that the cardinal points (minimum, 
optimum, maximum) of partial oxygen pressure, are dependent upon other 
influential conditions, especially upon the internal ones that are related to 
pluuw or stage of development, previous experience of the plant, etc. 
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In none of the experiments considered above were nearly all of the im- 
portant influential variables taken into account. With green plants in the 
presence of effective light and with adequate supply of C0 2 the partial pres- 
sure of oxygen may be supposed to be high, at least in the illuminated green 
parts, this partial pressure being largely independent of the oxygen condi- 
tions ot' the surrounding air. The partial pressure of oxygen must be much 
lower in green parts after a period in darkness, and generally lower than 
that of the surrounding air in any parts into which oxygen does not diffuse 
at an adequate rate, as in the deeper-lying tissues of succulent leaves, stems, 
fruits, etc. On the other hand, when the aerial parts of green plants are 
kept in darkness or in sufficiently weak light for long periods the phenomena 
of etiolation are likely to lead to great complications in any attempted analy- 
sis of the relations between environmental conditions and the rate of en- 
largement. 

Hermann's more recent studies ( 16 ) did not greatly add to our infor- 
mation on the direct action of oxygen with respect to growth, for the reasons 
just suggested. His conclusion is that the acceleration of growth brought 
about by reduced partial pressure of oxygen in the air is caused by oxygen- 
hunger in the plant. He supported this idea with the observation that the 
morphological response to low oxygen supply was an increased area of 
organs, such as leaves, through which the oxygen of the surrounding air 
penetrates to the plant interior. The effects observed are thus attributed 
to an oxygen influence on general metabolism rather than to a direct in- 
fluence on growth itself. 

Harrington ( 14 ) noted that when wheat seedlings were in an atmos- 
phere containing 36 per cent, of oxygen growth was nearly twice as rapid 
as when they were in ordinary air, while further increases in the partial 
pressure of oxygen resulted in slower growth. He did not mention that 
light was excluded but light influence through photosynthesis may be sup- 
posed to have been of small consequence in these experiments, since seedlings 
in the early stages of their growth are not dependent to any considerable 
degree on the products of their own photosynthctic process, which is not 
rapid in these early stages. 

Tt is evident that the relations between oxygen supply and growth in 
higher plants are very difficult to evaluate. Although the problem of 
growth -oxygen relations may be simplified to some extent by the exclusion 
of light in the experiments, yet the complications arising from the occur- 
rence of etiolation cannot be avoided if the tests are continued throughout 
extended periods of time. The special responses of etiolation may be ren- 
dered leas important if short experiment periods are employed, or the experi- 
mentation may be confined to geminating seeds or other tissues and organs 
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that may be kept for long periods in darkness without special effects arising 
from the absence of light. In any event, the influence of oxygen supply or 
of the partial pressure of oxygen in the surroundings must be studied with 
reference to as many of the vital processes as possible if we hope to approach 
this general problem successfully. For first approximations the general 
metabolic processes may perhaps be considered as summed up in terms of 
the rate of respiratory output of CO*, and growth may be superficially esti- 
mated in terms'of enlargement and other easily observed features of morpho- 
logical development. Whenever the time period of an experiment in this 
field is sufficiently long observations should surely be made on both growth 
and respiration if such observations are at all possible. 

The time relation of respiration and growth processes. — The impor- 
tance of the time factor in physiological experimentation and discussion is 
suggested by some of the considerations in the foregoing paragraphs. 
Whenever the influence of conditions determining the rate of a process is 
to be analyzed it is essential that time be taken into account not only with 
reference to the measurement of the process rates themselves but also in the 
quantitative measurements of the influential conditions. Some aspects of 
this principle have been emphasized by Lehenbauer (26), Fawcett (11), 
Haasis (13) and others and it is coming to be generally appreciated. Its 
special bearing in the present study lies mainly in the fact that developing 
organisms usually alter as they develop, respiration and growth rates in- 
creasing or decreasing with the progress of development. The only way in 
which a rising or falling process rate may be studied is by means of several 
short test intervals each of which is so chosen as to represent a suitable por- 
tion of the longer period during which the acceleration or retardation 
occurs. If test periods are too long the corresponding mean rates may be 
misleading, which is also true if total experiment periods are too short. 
When a rate is found to be altering with time, under maintained external 
experimental conditions, it is desirable to employ conveniently short, gen- 
erally successive, test periods and to continue the experiment either till the 
rate becomes relatively constant, till it passes through a critical stage at 
which the sign of its acceleration changes, or till its acceleration becomes 
constant. When* a new set of external conditions is brought to bear the 
behavior of the organism is usually related for a while to both the old set of 
conditions and the. new set and the only way by which such lagging influ- 
ences may be studied is through the employment of sufficiently short obser- 
vation intervals in the earlier portion of the experiment period. 

The length of the whole experiment period and the lengths of the partial 
periods employed for the rate tests are surely very important in such experi- 
ments as are required in the field here considered, for the rate of CO, evolu- 
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tion from germinating seeds and young seedlings increases with time, even 
when all external influences are maintained. These time relations are most 
important when it is necessary to alter the external conditional complex at 
the beginning of an experiment, as when seedlings are produced under one 
set of environmental conditions and are then transferred to another set for 
an experiment. 

The last statement implies a consideration that is sometimes expressed 
by saying that the behavior of a given organism is partly determined by its 
past experience and partly by its current environment. Past experience, 
whatever it may have been, has resulted in the present internal conditions 
of health, vigor, tone, etc., and present behavior must really be considered 
as wholly controlled by the combination of current internal and current ex- 
ternal influences. But we may be allowed to use the expression past experi- 
ence to imply present internal characteristics as these have been molded by 
the environment and the organism operating together in the past. 

In experiments that involve a change in the environmental complex, 
whether from preliminary treatment to the experimental conditions or from 
one set of conditions to another in the course of the experiment, the result- 
ing changes in physiological processes are usually not abrupt and occur more 
or less gradually after the change in environment. It is therefore very dif- 
ficult, as has been said, to separate the results of current influences from 
those of past influences. The immediate need for this sort of analysis may 
be avoided if we can find means for adequately defining or describing our 
experimental material at the beginning of an experiment, being as sure as 
may be that all coordinate experiments start with material having the inter- 
nal characteristics thus described. 

The estimation of the relative importance of past experience, current 
environment, and apparently adaptive responses can be arrived at most 
readily by analysis of the progressive changes in process rates which occur 
after the lapse of different lengths of time subsequent to specific changes in 
the environmental complex. As an illustration, let the plant material be 
changed from one environment to a second, temperature and the partial 
pressure of oxygen being considerably lower in the second than in the first. 
Subsequent observations might show the effects of several kinds of response 
as indicated by the respiration rate : The rate might decrease because of the 
lower temperature or because of the lower oxygen pressure or because of 
both these changes acting together; the rate might increase because of one 
or both of the changes and a tendency toward increase or decrease might be 
masked by a more pronounced tendency in the opposite direction; a ten- 
dency toward gradual increase would generally be expected, because the 
plant material continues to develop; and various apparently adaptive re- 
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spouses or counter effects might influence the rate as time went on. It is 
evident, therefore, that the acceleration of the rate of any process would 
only rarely be constant, and that changes in acceleration occurring under 
different sets of conditions, and in different test intervals are valuable clues 
to the separate responses that really occur. 

Experimental methods 

General plan op the experiments. — The experiments described in this 
paper were carried out in the Laboratory of Plant Physiology of the Johns 
Hopkins University, between October, 1928, and March, 1929. The writer 
greatly appreciates the facilities placed at his disposal by the Johns Hop- 
kins University and also the leave of absence granted to him by the Penn- 
sylvania State College, for the academic year 1928-29, through which these 
studies were made possible. The writer is glad to express also his personal 
gratitude to Dr. Burton E. Livingston, director of the Laboratory of Plant 
Physiology of the Johns Hopkins University, for sincere interest, for valu- 
able suggestions in the planning of the experiments, and for kindly criti- 
cisms on the preparation of this report. 

These experiments were designed to take into consideration the difficul- 
ties brought out in the preceding introductory discussion. The process rates 
studied (C0 2 production and growth) were considered as the resultants of 
the combined action of the internal and environmental complexes of influen- 
tial conditions. The influential conditions were considered as of two cate- 
gories: (a) the background or parameter conditions, which were not con- 
sciously varied from experiment to experiment, and (b) the experimental 
variables (temperature and partial pressure of oxygen) which were main- 
tained constant throughout a given experiment or any repetition of it, but 
differed from one experiment to another. The background conditions in- 
cluded (1) the internal conditions of the seedlings, which were as nearly 
alike as possible at the beginning for all experiments, being determined by 
the nature of the seeds and the preliminary treatment (germination pro- 
cedure) to which they had been subjected ; and (2) all external influential 
conditions excepting the two experimental variables. The background en- 
vironmental conditions were planned to be alike for all experiments, being 
maintained nearly constant throughout the period of each experiment. 
These comprised water supply, salt supply, and light, the last having a value 
of zero because the cultures were kept always in darkness except for occa- 
sional momentary exposures to weak diffuse light for observations. Other 
influences which were kept constant or nearly so were the length of the ex- 
periment period and the lengths of the successive observation or test inter- 
vals within this period. For the different consecutive test intervals, how- 
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ever, the time was really an experimental variable; for example, the 
seedlings were of course younger in the first test interval than in the second, 
and the respiration rates in these intervals therefore corresponded to seed- 
lings of different ages and different stages of development. 

The main features of the general plan may be summarized as follows. 
Seeds of a specified stock were germinated by a specified technique and the 
resulting seedlings were allowed to develop in cultures, for a definite experi- 
ment period (46 hours) following a short period for transfer (0.5 hour) and 
adjustment (1.5 hour). Each experiment consisted of a single culture of 
100 seedlings submerged in 250 cc. of standard nutrient solution, exposed 
to a certain maintained temperature, with a certain partial pressure of oxy- 
gen in the oxygen-nitrogen mixture continuously passing through the solu- 
tion in the culture flask. Five experiments were carried out at the same 
time, constituting an experiment series. All of the five cultures in any 
series had the same oxygen-nitrogen mixture, but each differed from the 
other four with respect to its maintained temperature. Thus the oxygen- 
nitrogen mixture was the same for all experiments of the same series or 
repetitions thereof but differed for different series, while any given main- 
tained temperature was employed for only one of the five experiments in 
any series. Each experiment thus differed from the others with respect to 
its combination of maintained temperature and oxygen pressure. Begin- 
ning at the end of the adjustment period (1.5 hour) the rate of C0 2 pro- 
duction was ascertained for five consecutive test intervals of 4, 6, 12, 12, and 
12 hours, respectively, and observations on seedling development were made 
at the ends of the intervals, especially at the end of the fifth interval, which 
terminated the experiment in each case. The results show hourly respira- 
tion rates (as indicated by CO,, production) for the several consecutive test 
intervals of each experiment and also notes on the corresponding growth 
rates for each experiment and each set of results corresponds to the specified 
oxygen-temperature complex that prevailed in the experiment from which 
they were derived, acting in connection with the internal and external back- 
ground conditions previously mentioned. 

The wheat seedlings. — The wheat seed used in these experiments was 
of the Nittany variety, a pure-line winter wheat selected by Dr. C. F. Noll, 
of the Pennsylvania Agricultural Experiment Station. The stock used was 
of the 1928 crop and was secured from the originator. It was stored in an 
aerated container at a temperature of about 20 8 -25°. The experimental 
lots, selected to include only sound, well-filled grains, showed a germination 
percentage of about 98 per cent., under the germination conditions provided. 
Twice as many seeds were germinated for each series of experiments as were 
required for the five cultures in the series, in order to allow for selection of 
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seedlings within relatively narrow limits. Thus 1,000 seeds were used for 
eaeh experiment series, and five cultures of 100 seedlings each were regu- 
larly set up at the same time. 

The method of germination, which was adopted after some preliminary 
tests, consisted in placing the thousand selected seeds in 500 cc. of distilled 
water in a 600-cc. Pyrex Erlenmeyer flask, and aspirating ordinary air 
through the water rapidly enough to cause a little movement of the seeds 
throughout the germination period, during which the flask was kept in the 
20-degree compartment of the constant temperature apparatus. Tempera- 
ture, moisture supply, and aeration were thus very nearly constant through- 
out the germination period and were practically the same for successive lots 
of seeds. Using the same quantity of water and the same temperature for 
each lot of 1,000 seeds gave assurance that changes brought about in the 
water by the soaking and germinating seeds (such as the outward diffusion 
of materials, which conceivably might influence germination) were of the 
same kind and occurred at about the same rates in all cases. No attempt 
was made to control the chemical content of the air aspirated through the 
water about the seeds ; all the work was done in a well ventilated greenhouse 
in which plants were growing and no poisonous or stimulating gases could 
have been present in the air in significant amounts. 

The length of the germination period was 42 hours, generally with a 
deviation of not more than a few minutes. In no case was the deviation 
more than 40 minutes. The temperature chosen for germination, actually 
about 19.5°, which is near the optimum for germination of wheat, lies at the 
middle of the range of the maintained temperatures used in the experiments. 
The mean temperature of the 20-degree chamber was a little below 20°, for 
there was a slight cooling at night. The successive lots of seedlings were as 
nearly alike as could be ascertained by ordinary observation, but of course 
there was considerable observable variability within each lot of 1,000 seed- 
lings ; in Bpite of the preliminary selection the seeds of a lot did not all reach 
exactly the same stage of germination in the 42-hour period. Nevertheless, 
the high degree of uniformity of the seeds and the uniformity of the germi- 
nation treatment made it possible in every case to select the requisite five 
lots of 100 seedlings each, so that the populations of all cultures throughout 
the study, whether of the same or of different series, were apparently alike. 
The limits of development between which seedlings were selected were such 
that the coleoptile was always exposed, and the rootlets had not yet broken 
thorugh the coleorhiza. 

It was of course conceivable that the lots of seed used for the later series 
of experiments might have differed constitutionally in some respects from 
the lots used for the earlier series, for the seed of the later lots was about 
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4 months older than that of the earlier ones and significant internal changes 
might possibly have occurred in the storage period. Some of the earlier 
experiments were repeated near the close of the work and the results of these 
showed clearly that the stock of seed had not altered significantly, as will 
be shown farther on when the experimental data are presented. 

The standard conditions for germination constituted the environmental 
complex for the first 42 hours of soaking and germination, from which the 
subsequent experimental complex differed with respect to temperature, oxy- 
gen concentration and salt environment. Only in those particular experi- 
ments in which the maintained temperature was 20° and the partial pressure 
of oxygen was 20 per cent., was the oxygen-temperature complex the same 
for the experiment period as for the germination. In all other experiments, 
the seedlings experienced an abrupt lowering or raising either of oxygen 
pressure or temperature or both, at the beginning of the experiment. The 
CO* pressure in the environment was nearly constant throughout both the 
germination and experiment periods, C0 2 being removed by the constantly 
flowing gas stream in both cases, about as rapidly as it was formed. Since 
the seeds were germinated in distilled water and were in a standard weak 
nutrient solution for the experiments, all seedlings experienced a change in 
salt concentration and osmotic relations at the time the experiments were 
set up. This change, however, was the same for all experiments. The sub- 
sequent physiological activities of the seedlings through absorption and ex- 
cretion, surely altered the solution during the progress of an experiment and 
the kind and degree of alteration may have been different for different ex- 
periments. Some of the experimental data indicate that these sources of 
discrepancy had no significant effect on the rate of C0 2 production, from 
the standpoint of this study. Nevertheless it would have been theoretically 
better if the same standard nutrient solution had been used for germination 
as for the subsequent experimental cultures, and if a constant flow of nutri- 
ent solution had been arranged as well as of the gas mixture. (On the 
theoretical advantages of continuously flowing solutions for solution cultures 
see Trelease ( 46 ) and Shive ( 40 ). No technique has been developed, how- 
ever, for maintaining a constant flow both of gas and of solution through a 
culture from which C0 2 is to be removed and measured as it is produced. 

The maintained temperatures used and their control. — The main- 
tained temperatures tested were 10°, 15°, 20°, 25°, and 30° C. Preliminary 
tests showed that the experiment period and its consecutive observation in- 
tervals would need to be inconveniently long for temperatures below 10°, 
because of the slowness of growth and respiration at such low temperatures, 
especially for the earlier observation intervals. Consequently no tempera- 
tures below 10* were included in this study. Cultures at 30° showed but 
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little growth and there were some appearances of breakdown in seedlings 
held at that temperature two days or longer, while disintegration appeared 
in about 36 hours with a temperature of 40° and no growth was evident at 
that temperature. Since this study was not to deal with lethal and post- 
mortem phenomena, the range of temperatures tested did not extend beyond 
30°. Temperature differences of 5 degrees were used partly because of con- 
venience and partly because they were about as small as were warranted by 
the magnitudes of the temperature influences that were observed. 

The battery of temperature chambers at the Hopkins Laboratory of 
Plant Physiology [Livingston and Fawcett (28), Haasis (13)] consists of 
a linear series of seven chambers with water jackets, separated from one 
another by uninsulated sheet-metal partitions, but insulated above, below 
and at the sides. The top of the apparatus is formed by the insulated 
wooden covers of the water baths. These are removable, but for convenience 
in manipulation, each is provided with three £-inch holes, through which 
Jubes leading to cultures, etc., may pass, or thermometers may be inserted, 
and also with a rectangular opening (23x28 cm.) closed by means of a 
removable insulated lid. Heat is supplied at one end of the series from a 
thermostatically controlled hot tank and removed at the other end by means 
of a cold tank thermostatically controlled by a mechanical refrigeration 
machine. Each bath is furnished with a mechanical stirrer, which slowly 
rotates in the water jacket around the cylindrical chamber, and all parts of 
each chamber are at practically the same temperature, but the temperature 
of each chamber differs from that of the adjacent chamber or chambeis to a 
degree determined by the settings of the two thermostats. The tempeiature 
of the greenhouse in which the series of chambers stands was subject to fluc- 
tuations as great as 15° within a period of twelve hours or less and such 
changes in the temperature of the external air influenced the chamber tem- 
perature to some extent, in spite of the insulation, especially that of the 
chambers near the middle of the series, where the daily fluctuation, though 
ordinarily less than 1.0° was occasionally as great as 2.0°. The temperature 
of the middle chamber (20°) was usually from 0.5 to 1.0° too low for about 
8 hours each night, and the average temperature of that chamber was really 
about 19.5". Only five chambers were used in this study, the two end ones 
of the series of seven being idle. The chambers used were operated to give 
maintained temperatures close to 10°, 15°, 20°, 25° and 30®, as has been 
indicated. 

Temperature records were made in the 10-, 20-, and 30-degree chambers, 
by means of small Biebard thermographs, which were kept there throughout 
the experiments. The temperatures of the other two chambers were esti- 
mated by Interpolation, with occasional direct observations by means of ordi- 
nary thermometers in these chambers. 
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The gas control. — The desired partial pressures of oxygen were secured 
by mixing compressed commercial oxygen and commercial nitrogen in a gas 
cylinder such as commercial gases are supplied in, the capacity of the cylin- 
der being well above 2,000 pounds per square inch. A given mixture was 
prepared by connecting charged cylinders of nitrogen and oxygen succes- 
sively to a previously discharged cylinder, by means of a copper tube (about 
75 cm. long) provided witli a suitable coupling at either end and with an 
ordinary pressure gauge closing a T-outlet in the middle. Each gas was 
allowed to flow into the mixing cylinder until the gauge gave the required 
reading, the proportions being measured in terms of pressure. A mixture 
of 10 volumes of oxygen and 90 volumes of nitrogen was secured, for exam- 
ple, as follows : Oxygen was first allowed to enter the mixing cylinder till the 
gauge showed a pressure of 100 lbs., after which the valve of the mixing 
cylinder was closed and the oxygen supply tank was removed. Then nitro- 
gen was allowed to flow into the mixing cylinder till the gauge showed a 
pressure of 1,000 lbs., after which the valve was again closed and the con- 
necting tube was removed. The result was a tank of gas mixture of prac- 
tically the required proportions and with a pressure of 1,000 lbs. per square 
inch. A tank of gas mixture might be kept closed till needed, when it was 
connected to the gas line leading to the culture flasks. 

The compositions of the commercial gases and of the mixtures containing 
less than 30 per cent, of oxygen were ascertained through absorption of the 
oxygen by phosphorus. In the analysis of commercial oxygen a small 
amount of the gas was introduced into the eudiometer and its volume was 
measured, after which commercial nitrogen (from which the oxygen had 
previously been absorbed by means of phosphorus) was added in quantity 
sufficient to reduce the percentage of oxygen to less than 50 per cent. The 
mixture thus formed was then analyzed and the necessary computations were 
made. 

The gas mixtures were delivered into the tubing lines leading to the cul- 
ture flasks at a pressure regulated by means of a Hoke Phoenix Regulator 
or pressure-reducing valve. The maintained rate of flow through a flask 
was determined by the pressure of the supply and by an orifice control in 
each tube. Before reaching the separate lines leading to the cultures, the 
gas was passed first through a tube (of 18-mm. bore and 30 cm. long) con- 
taining soda lime, to remove any 0O 2 which might be present, and then 
through concentrated I1 2 S0 4 , to remove moisture, which might have tended 
to clog the orifice controls. The gas was then delivered to the separate lines 
through a 5-branched manifold of copper tubing. 

The orifice controls were similar in principle to those described by 
Hutchins ( 18 ). Each consisted of a section of glass tube (of 5-mm. bore 
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and 12 cm. long) with a slight constriction about 3 cm. from one end and 
a plug of alternate layers of dry cotton and powdered chalk packed in the 
longer portion, against the constriction. The gas passed through the plug 
before reaching the constriction and the pressure of the gas thus tended to 
hold the plugs firmly in position. Alternate layers of cotton and chalk were 
found to be more easily adjusted than a single mass of kaolin or chalk be- 
tween two cotton plugs, which was employed by Hutchins. The controls 
were adjusted so that the gas flow was 3 cc. per minute for each pound of 
pressure registered on the gauge of the pressure-reducing valve. The rate 
of gas flow (measured by means of a eudiometer) was found to be directly 
proportional to the pressure with this arrangement and it could therefore 
be controlled at will by setting the valve for the proper delivery pressure. 
The orifice controls required one or two slight adjustments in the first few 
days of use, perhaps because of the drying of the cotton or chalk. After 
these preliminary adjustments, the standard ratio of flow rate to gauge read- 
ing remained constant as long as the controls were in use, as was shown by 
occasional tests. 

Between the orifice control and culture flask the gas was led through a 
telltale, which consisted of a rubber-stoppered bottle with inlet and outlet 
tubes arranged so that the gas bubbled through about 50 cc. of very dilute 
barium hydroxide solution colored with a few drops of phenolphthalein. 
Each telltale stood alongside the culture flask it served, in the same tempera- 
ture chamber, and the incoming gas was here brought to the temperature 
of the culture chamber before entering the flask. The constant pink color 
of the solution indicated the absence of CO, in the gas stream. Also, mois- 
ture was added to the gas here, so that the volume of the nutrient solution 
in the culture flasks was not significantly altered by evaporation or con- 
densation. 

The total gas pressure above the solution in the culture flasks was always 
slightly higher than the prevailing atmospheric pressure, because of the 
hydrostatic pressure of the solution in the absorption-tower and in the tell- 
tales, but this difference was considered as negligible, especially since the 
pressures were the same for all cultures in a given series of experiments. 
The partial pressure* of CO, in the culture flasks was kept practically at zero, 
by sweeping out the CO, as rapidly as it was formed. 

The rate of gas flow through the culture flasks was established at 20 cc. 
a minute, after a number of preliminary experiments on the effect of varia- 
tion in the rate of gas flow. In these preliminary experiments a gas mixture 
high in oxygen was used, and the rate of flow was different for successive 
experiment series, with (differences of 5 cc. or less for a range from 5 cc. a 
minute to 20 cc. The gas mixture was presumed to be nearly pure oxygen, 
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but was not analyzed. It was subsequently indicated, however, to contain 
about 85 per cent, of oxygen by comparison of results with it and with mix- 
tures the composition of which was known. Experiments were performed 
also with a mixture containing approximately 20 per cent, of oxygen, some 
with a rate of gas flow of 5 cc. a minute and some with a flow of 20 cc. a 
minute. In the experiments with a high percentage of oxygen, the rate of 
CO, production was greater for increased rates of flow up to 15 cc. a min- 
ute, but showed no significant changes for higher rates. Growth at the 
higher temperatures also increased as the rate of gas flow was raised, up to 
15 cc. a minute, but did not change for rates greater than this. The pro- 
portional increase in CO, production for an increase in rate of gas flow from 
5 to 20 cc. a minute was found to be practically the same for seedlings in 
20 per cent, of oxygen as it was for seedlings in the high percentage of oxy- 
gen. This increase in CO, production for greater rates of gas flow was 
probably due to more thorough mixing of the nutrient solution, which re- 
sulted in a more uniform supply of oxygen to all the seedlings and more 
rapid removal of CO, from them. The lowest rate of gas flow supplied 
oxygen to the culture at a rate far in excess of oxygen consumption by the 
seedlings, as indicated by their CO, output. The higher rate of gas flow 
resulted in fairly rapid convection throughout the nutrient solution ; a drop- 
let of India ink became evenly dispersed throughout the solution in less than 
a minute when the gas flow was 20 cc. a minute. 

The rate of gas flow therefore was established at 20 cc. a minute, since 
this rate was evidently more than sufficient to maintain CO, production and 
growth at maximum rates, as far as oxygen supply was concerned, for all 
the temperature-oxygen combinations tested. 

The culture fi>asks. — The culture flasks were of Pyrex glass, of the 
Erlenmeyer form, with capacity of 300 cc. Two sets of five were used, so 
that one set could be cleaned and prepared for an experiment while the other 
five were still in use. Each flask had a tightly fitting 2-hole rubber stopper 
through which the inlet and outlet tubes were led. Because flexibility was 
desirable these tubes were of lead, but the metal did not come in contact 
with the culture solution at any time. The lead portion extended only 
about 15 mm. below the stopper, and the inlet tube was extended by a glass 
portion, attached by an ordinary rubber-tubing coupling, nearly to the bot- 
tom of the flask. The entering gas mixture bubbled through the culture 
solution, and passed out through the other tube. The outlet tube led 
directly to its own absorption apparatus. 

To avoid any possibility of leakage the stoppers of the culture flasks (and 
also the stoppers of the telltale bottles) were secured by means of special 
clamps. A horizontal triangle of i-inch brass plate with an opening in its 
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center (to accommodate the inlet and outlet tubes) rested on the top of the 
rubber stopper and was connected with a base piece by means of three ver- 
tical 3/16-inch brass rodB threaded at either end and provided with brass 
nuts (from discarded electric dry cells). The base piece on which the flask 
stood was a horizontal hexagon (about 2.5 cm. thick) of 2-ply wood with 
three holes near its edge, for the vertical rods. When the clamp was in 
place and the nuts were tightened the two plates were drawn toward each 
other and the stopper was hold firmly in position in the neck of the flask. 

Tubing and connections. — Most of the tubing lines were of glass, with 
wired couplings of thick-walled rubber tubing, the joined ends being in con- 
tact. Where flexibility was required lead tubing was employed, it being 
joined to the glass sections by wired couplings of rubber. There were no 
joints' between the orifice control and the absorption apparatus excepting 
those formed by the rubber stoppers of the culture flask and the entrance 
telltale, which were very tight. All lead tubing used was first tested for 
pin-holes, etc., by applying a gas pressure of 20 pounds per square inch with 
the tubing under water. The tubes for liquid were of glass or flexible 
rubber. 

The absorption apparatus. — The absorption apparatus embodied some 
of the principles of an apparatus described by Carrick (8), with modifica- 
tions to allow titrations to be made within the apparatus. The details of 
construction are shown by the diagram of figure 1. The essential features 
are: the absorption tower, A; the standard acid burette, B; the titration 
bottle, G ; the vent, E, guarded with the soda-lime tube I) ; the siphon out- 
let, I; the inlet for standard alkali solution (or water for washing), J ; the 
outlet telltale, M; an additional vent, K, and the outlet, L, both guarded 
with soda-lime tubes; and the gas inlet tube, F, connecting the apparatus 
with the culture flask, from which it is the outlet tube. A complete absorp- 
tion apparatus was provided for each of the five culture flasks, being perma- 
nently mounted on a shelf at the side of the constant temperature chamber 
in which the culture flask was located. 

The absorption tower (A, fig. 1) consisted of a heavy-walled glass tube 
(18 nun. in inside diameter and 55 cm. long) containing a column of glass 
beads (3-5 mm. in diameter) about 35 cm. high, the beads resting on an 
inverted glass vial (C) about 7 cm. high, with 5 or 6 holes blown in its bot- 
tom. Both vial and beads were found to be required for complete absorp- 
tion of the CO, brought from the culture flask in the gas stream. The in- 
verted vial provided a reservoir of absorbing solution, into which the 
entering gas bubbles were discharged and in which they were held for a 
short period, until succeeding bubbles caused the trapped gas to move up- 
ward through the holes jggd among the beads. 
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The outlet telltale (M, fig. 1) was simply a test tube (20x150 mm.) 
provided with a 2-hole rubber stopper and inlet and outlet tubes, so ar- 
ranged that the gas escaping from the absorption tower bubbled through 
a measured quantity of standard barium hydroxide solution before being 
discharged. The outlet of the telltale was of course guarded by means of 
a soda-lime tube. Absence of any white precipitate, in this telltale, which 
was in plain sight, made it certain that no C0 2 had found its way through 
the absorbing tower. 

When absorption of C0 2 was in progress, all of the three rubber connec- 
tions marked X on the diagram (fig. 1) were closed with Hoffman clamps. 
A definite quantity of standard barium hydroxide solution (0.2 normal) was 
measured from a charging burette into the absorption tower through the 
solution inlet ( J, fig. 1) and was washed down with a small quantity of CO a - 
free water. The pressure of the gas entering through the gas inlet 
(F, fig. 1) held the alkali solution in the tower and the gas bubbles rose 
through this solution, being delayed and broken up by the vial (C) and the 
glass beads. Thence the gas stream was conducted through the outlet tell- 
tale (M) and was finally discharged through the discharge outlet (L). 

When a determination was to be made, at the end of a test interval, the 
vent (K) at the top of the absorption tower was opened first. A few drops 
of phenolphthalein solution was introduced through the solution inlet (J) 
and a tube leading from a reservoir of distilled water above the apparatus 
was then connected to the solution inlet. The vent (E) on the titration 
bottle was then opened and the solution in the tower was drained into the 
titration bottle (G) through the tube H. Water was then allowed to flow 
in through the solution inlet (J) until all traces of pink color had been 
washed down. The excess of alkali was then determined by titration with 
standard HC1 solution (0.1 normal), from the burette B. The connections 
were sufficiently flexible to allow shaking of the titration bottle (G), during 
the titration. When the end-point was reached the neutralized solution was 
allowed to flow out through the discharge siphon (I), by opening the clamp 
IX. The siphon tube itself was not emptied, since the water in it provided 
an insurance against leakage past the clamp. Tower and bottle were finally 
washed with distilled water, and a new charge of standard alkali solution 
was introduced as at the beginning, all clamps being properly adjusted. 

The standard acid solution. — The standard acid solution used for 
titration and for standardizing the standard alkali solution was approxi- 
mately 0.1 normal (0.1132 N) HC1. This was standardized originally 
against dry sodium carbonate, with methyl orange as indicator, and the 
standardization was repeated from time to time during the progress of the 
experimental work, to ascertain whether changes occurred in the concentra- 
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tion of the acid under the conditions of storage. Eighteen liters of the 
Standard acid solution were prepared at the beginning of the work, and this 
was sufficient for the entire series of experiments. This stock was kept in 
an 184iter bottle closed with a 2-hole rubber stopper carrying a glass siphon 
for withdrawal of solution and an air inlet, the latter protected by a soda- 
lime tube to exclude CO*. Two 4-liter reservoir bottles were filled from this 
stock, and were kept on an overhead shelf suspended from the frame of the 
greenhouse. Standard acid solution was delivered to the acid burette 
(B, fig. 1) of each absorption apparatus by means of glass tubing with rub- 
ber connections for flexibility. The reservoir bottles were stoppered in the 
same way as was the large stock bottle. 

The standard alkali solution. — The standard barium hydroxide solu- 
tion was prepared by dissolving “Baker’s Analyzed” barium hydrate crys- 
tals in distilled water at the rate of 31.554 gm. per liter of solution with 
addition of 4.5 gm. “Baker’s Analyzed” barium chloride per liter. The 
latter was added to reduce the solution and hydrolysis of the BaCO, which 
was present at the time titrations were made. An 18-liter stock bottle of 
this alkali solution was prepared at the beginning of the experiments, and 
this was sufficient for all of the work. The bottle was closed like the stock 
bottle for the standard acid solution. The small amount of barium carbo- 
nate present (there is usually some carbonate in barium hydroxide) was first 
allowed to settle and then the clear solution was siphoned into reservoir 
bottles like those used for the standard acid solution and similarly placed. 
From these reservoirs the solution was delivered to the charging burettes 
by means of a branching system of glass tubing with short rubber connec- 
tions for necessary flexibility, as shown by the diagram in figure 2, described 
below. All air inlets into the distributing system for standard alkali solu- 
tion were provided with soda-lime tubes, to prevent the entrance of atmos- 
pheric CO*. That no CO* entered the system was shown by repeated tests 
of the solution as delivered by the burettes, titrations being made with stand- 
ard acid solution and phenolphthalein. 

Charging the absorption apparatus. — The charging burettes were 
arranged to receive and deliver standard alkali solution without its coming 
into contact with atmospheric CO*. Their arrangement is shown in fig- 
ure 2. The supply tube (T) leading from the reservoir bottle (R) is con- 
nected to the recurved tube (C) of an automatic burette (B) through the 
2-way stopcock (CA). Solution flows into the burette when the cock is in 
the position shown and when the cock is turned half-way around solution 
is discharged through the tip A. Air is allowed to escape from or enter the 
burette through the opening above, which is fitted with a 1-hole rubber stop- 
per bearing a soda-lime tube (G). 
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'When an absorption tower was to be charged with alkali solution a small 
amount of solution was first allowed to run out of the burette into a beaker, 
to remove what had been in the tip (A), in contact with the air. The 
burette was then lowered slightly and the tip was connected immediately 
with the solution inlet of the absorption tower (J), after which the desired 
amount of solution was allowed to run into the tower. After closing the 
2-way cock and disconnecting and raising the burette a small amount of 
COj-free water was introduced into the solution inlet before this was dosed, 
to carry down all the solution measured from the burette. It was found 
that the possibility of error was reduced if the excess of standard alkali solu- 
tion did not greatly exceed the equivalent of 3 or 4 cc. of the standard acid 
solution. 

Repeated checks were made in the following manner, to test the accuracy 
of the method of titration within the apparatus. Some of the BaCO„ from 
a previous experimental test was allowed to remain in the titration bottle 
(G, fig. 1), after the excess alkali had been neutralized and most of the 
liquid had been siphoned out. A measured quantity of standard alkali 
solution was then introduced into the absorption tower in the manner 
described above, and was washed down into the titration bottle with distilled 
water after a few drops of phenolphthalein had been added. The water 
for washing was introduced into the top of the tower by connecting a tube 
leading from a reservoir of water on the shelf above the apparatus, to the 
solution inlet (J, fig. 1''. Ordinarily a total of 150 cc. of water, intro- 
duced in several portions, was sufficient to remove all traces of alkali from 
the tower, as indicated by the disappearance of pink color from the beads 
in the tower. The alkali solution thus introduced into the titration bottle 
was titrated immediately with the standard acid solution. The results of 
these titrations in the apparatus, in the presence of the BaCO* mentioned 
above, agreed with other results obtained with a similar quantity of the 
standard alkali solution, taken directly from the charging burette (B, 
figure 2) into a flask containing 150 cc. of distilled water, and titrating 
immediately with standard acid solution from a burette separate from the 
apparatus, using phenolphthalein as an indicator. This agreement of 
results indicates that BaCO* is not a source of error in this sort of titration, 
[which is in agreement with statements by Treadwell and Hall ( 44 , p. 
485) and Bebgman (2).] These repeated tests, both inside and outside the 
apparatus, served also as checks on the constancy of the standard alkali 
solution. 

Titration. — As is evident from what has been said, titration was accom- 
plished in the presence of the BaCO, that had been formed by the reaction 
of the absorbed CO* and the Ba(OH)* of the alkali solution in the absorp- 
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lion tower. At the end of a test interval, the solution in the tower was 
washed down into the titration bottle (G, figure 1), in the manner previously 
described. Very nearly the same amount of distilled water was used in 
each ease. The water for washing was guarded against contact with atmos- 
pheric CO, by a soda-lime tube in the air inlet of the water-reservoir bottle. 



no. 1. Diagram showing arrangement of parts of GO, -absorption apparatus. For de- 
scription see text. 


Standard acid solution was added drop by drop, with constant shaking of 
the titration bottle, to avoid any local excess of acid, which might react with 
the BaCO t . During the process of washing down and titrating, which 
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required about five minutes, the gas stream continued bubbling through the 
solution in the titration bottle. Consequently the only loss of CO, which 
occurred took place while the neutralized solution was being discharged and 
the apparatus was being washed, preparatory to the addition of a new 
charge of alkali solution. This slight loss was obviously insignificant. 

The cultures. — Each culture consisted of 100 seedlings in 250 cc. of 
standard nutrient solution contained in a 300-cc. flask. The standard 
nutrient solution was Shive’s solution R5C2 (39), calculated to have an 



Fig. 2. Diagram showing arrangement of burette and reservoir for charging the CO,- 
absorption apparatus. For description see text. 

osmotic value of 0.175 atmosphere. Each liter contained 0.1228 gm. of 
Ca(NO,)„ 0.2452 gm. of KHjPO* and 0.3698 gm. of MgS0 4 ; no iron was 
added. Eight liters of stock nutrient solution were prepared, 10 times as 
concentrated as was required. The salts used were from unopened bottles 
originally prepared in connection with the cooperative experiments planned 
by the Division of Biology and Agriculture of the National Research Council 
(27), by the Powers-Weightman-Rosengarten Co. The concentrated stock 
nutrient solution was prepared by dissolving the three salts together, to fbrm 
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a measured volume of solution, rather than by mixing separate standardised 
single-salt solutions. No precipitate appeared. 

When a set of five cultures was to be started the requisite volume of 
solution was made up by diluting 125 cc. of the stock solution to 1250 cc., 
250 cc. of which was placed in each of the five culture flasks, which were 
numbered and stoppered and then distributed in the five temperature 
chambers, where each flask and its contents soon came to the temperature 
of the chamber. Then the 1,000 germinated seeds that had been for 42 
hours in water in the germination flask in the middle chamber (19.5°) 
were spread out in a glass pan, from which they were transferred one 
by one (with bone-tipped forceps) to the culture flasks, which were removed 
from their chambers and remained at room temperature only for the 20 
minutes required for selection and transfer. In order that the five 100- 
seedling lots might be as nearly alike as possible, that every lot might 
contain about the same proportions of somewhat larger, somewhat smaller 
seeds, etc. (although, as has been said, the 500 seedlings selected for a 
set of cultures were very nearly alike), the five lots were not selected 
consecutively ; instead of that, 10 or 20 seedlings were transferred to one 
flask, then a like number to another flask and so on till every flask had 
received its 10 or 20 seedlings, after which this procedure was repeated 
in rotation, till every flask had its full quota of 100 seedlings. As soon 
as the transfer had been completed each flask was returned to the chamber 
in which it and its solution had previously been warmed or cooled, being 
immediately placed in connection with the gas line (with stopper set 
firmly in place and flask clamp tightened to insure a permanent seal) and 
the flow of gas mixture began. 

At the close of a series of experiments {i.e., immediately after the 
titration for the fifth test interval) the culture flasks were removed from 
the apparatus and their seedlings were examined with respect to the 
growth that had occurred. The seedlings were then discarded and the 
flasks were scrubbed with hot water, rinsed with distilled water and thor- 
oughly dried, being then ready for another series of experiments. No 
special procedure was adopted for the sterilization of flasks and nutrient 
solution, nor werq the wheat seeds disinfected before being placed in the 
germination flask. There was no evidence of growth of fungi or bacteria 
in any of the cultures, even at the higher temperatures. 

Changes in the culture solution in the experiment period were ignored, 
as has been said. That such changes must have occurred, because of 
absorption and excretion, was indicated by a few brief studies with seed- 
lings in nutrient solutions in which other seedlings had previously been 
grown for a 24-hour period, but these changes were found to be slight, 
probably because of the large volume of solution used for each culture 
and the short duration of the experiment period. 
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Measurements of C0 2 production. — Measurements of CO„ production 
were begun 2 hours after each series of culture flasks received their seed- 
lings, or approximately 1.5 hour after the cultures were placed under the 
experimental conditions. At the end of each test interval the total produc- 
tion of COg for that interval (the amount of C0 2 that had been absorbed 
in the absorption apparatus during the interval) was ascertained by titra- 
tion. About half an hour was required to make the five titrations, which 
were made always in the same order from the lowest to the highest tem- 
perature, so that the intervals were very nearly the same for the different 
experiments in a series. The deviation from the stated time of observation 
was usually less than 15 minutes ; in a few cases, however, it was greater, 
sometimes as much as 45 minutes. The actual length of the time interval 
referred to by each titration record was recorded in every instance, how- 
ever, and the mean hourly rate of C0 2 production was computed. These 
mean hourly rates for the five test intervals of each experiment are the 
numerical data on C0 2 production with which we shall deal when the 
results of these experiments are presented farther on. 

Observations on growth. — At the end of each experiment, 48 hours 
after the seedlings had been placed in their experimental environment, 
the seedlings were removed from the culture solutions and measurements 
of growth were made. Although the roots elongated more rapidly than 
the shoots their measurement presented so many difficulties (especially 
because the number of roots per seedling was variable) that growth records 
were based on shoot elongation alone. Shoot elongation also was variable, 
especially at the higher temperatures, and many seedlings made so little 
growth in the experiment period that actual measurement was not prac- 
ticable. After considerable study the following procedure was adopted 
for securing numerical indices of shoot elongation. All shoots that could 
be measured with satisfactory accuracy were measured to the nearest 0.2 
millimeter, using a millimeter scale, and the average of the ten longest 
ones in an experiment was taken as the measure of the growth rate for 
that experiment. Of course these indices of growth rate are not precise, 
but they are sufficiently consistent to be useful, as will be seen later. 

The computation of averages. — The total amount of C0 2 collected 
during an interval was first expressed in terms of the equivalent volume 
of standard acid solution, in cubic centimeters, and this value was then 
multiplied by the standard factor 2.49, for 1 cc. of standard acid solution 
had been shown to be equivalent to 2.49 mg. of C0 2 . The resulting product 
was the number of milligrams of C0 2 produced by the given culture in 
the given interval. This product was next divided by the length of the 
corresponding interval, expressed in hours, to give the mean hourly rate 
of C0 2 production for the interval. Five of these mean hourly rates were 
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thus squared for each experiment and 25 for eaeh experiment series. In 
one or two instances where the number of seedlings per culture was not 
100 the mean rates were all computed to represent 100 seedlings, which 
they did actually represent in most cases. 

A preliminary, point-to-point graph was drawn to represent the five 
mean rates for each interval, as these differed from temperature to tem- 
perature in the same experiment series, one graph for the first interval, 
another for the second, etc. The ordinates of these preliminary graphs 
were the mean hourly rates of CO, production and the abscissas represented 
the corresponding temperatures, derived from thermograph or thermometer 
records. Bach experiment series thus gave five graphs, one for each of 
the consecutive test intervals, and each group of graphs represented one 
of the 12 different oxygen-nitrogen mixtures used. Since the actual tem- 
perature means were not always exactly the standard maintained tempera- 
tures that they represented, the ordinates of each graph were corrected 
where necessary, to correspond more closely to the requisite temperatures, 
by simply measuring the actual ordinates for those temperatures (10°, 15°, 
20°, 25°, and 30°) and employing the resulting values instead of the actual 
mean rates from which the graph had been constructed. By these pro- 
cedures a mean hourly rate of C0 2 production by 100 seedlings was ob- 
tained for each of the five required temperatures and for eaeh of the five 
test intervals in every experiment scries, some slight discrepancies being 
thus avoided while all series were brought into conformity with regard 
to the five temperature values. Because every experiment series was 
repeated at lest once there were two or more mean hourly rates of CO., 
production for each of the 60 different combinations of temperature and 
oxygen pressure for each interval and these were finally averaged for each 
combination. 

For the entire experiment period the total amounts of C0 2 produced 
with each combination of temperature and oxygen pressure were ascertained 
for each experiment, and these totals were finally averaged for each group 
of like experiments. Sixty average totals were thus secured, one for each 
combination of temperature and oxygen pressure used. 

I 

Results and discussion 

General nature of the results 

The main results of this study will now be presented, with notes on 
their interpretation. It is to be borne in mind that the conclusions reached 
are applicable only to the specific sets of internal and external conditions 
that prevailed in the tests. The data presented are to be studied to bring 
out any relations that may appear among five kinds of variables, always 
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with reference to the conditions of the internal and external background 
of the experiments, which have been described. These variables are: (1) 
maintained temperature, (2) partial pressure of oxygen, (3) relative stage 
in the progress of seedling development (indicated in each experiment by 
the interval number), (4) rate of C0 2 production and (5) rate of shoot 
elongation. Expressed in another way, the results are to be considered 
with reference to the manner in which the rates of C0 2 production and 
of shoot elongation differ, from interval to interval in the same experiment, 
and from experiment to experiment in relation to the several combinations 
of maintained temperature and maintained oxygen pressure. There are 
to be considered 12 different partial pressures of oxygen (the total gas 
pressure being always 1 atmosphere) for each of the five different main- 
tained temperatures, and each of the 60 different combinations of tem- 
perature and oxygen pressure is to be considered with regard to each of 
the five consecutive test intervals of each experiment. 

NO EVIDENCE OP AGING OP SEEDS 

The experiment series with partial pressure of oxygen about like that 
of ordinary air (20 per cent.) was carried out seven times, as chronologically 
numbered series 1, 2, 3. 4, 23, 37 and 38. (Series 5-22 and 24-36 had 
other oxygen pressures.) The first four series were carried out between 
December 10 and December 18, 1928, series 23 was carried out in February, 
1929, and the last two were carried out between March 20 and March 24, 
1929. The actual partial pressures of oxygen for these series were : series 
1, 2 and 3, 21.3 per cent. ; series 4, 20.4 per cent. ; series 23, 20.0 per cent. ; 
series 37 and 38, 18.9 per cent. ; but these differences are not large enough 
to be significant. A study of the results of these series (brought together 
in table I) fails to reveal any consistent suggestion that the seedlings of 
series 1 or 2 may have been initially different from those of series 37 or 38 
and leads to the conclusion that the stock of seed used in this study did 
not alter significantly during the progress of the work. It is also clear 
from the value of table I that the standard germination technique was not 
significantly altered as the work went on. These are considerations of the 
utmost importance in studies of this kind. 

C0 2 PRODUCTION IN TIIE SEVERAL OBSERVATION INTERVALS AND 
IN THE ENTIRE EXPERIMENT PERIOD 

The tabulated values. — The 60 average rates of C0 2 production for 
each of the five intervals are represented in table II. The five horizontal 
subdivisions of the table represent the five test intervals, whieh are num- 
bered consecutively and designated in the following manner: 1st interval. 
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TABLE I 

OOKFABISON or BE8ULTS FHOM EXPERIMENT SERIES MIAS BEGINNING AMD MIAS IMD Or 
STUDY, WITH OXYGEN PRB88UB* ABOUT 20 PEK CENT. 


Experiment 

scons 

I 

Dates 

or 

Test 

Mean hourly rate or oo, production (1C 

SEEDLINGS) FOR TEMPERATURE OF 

NO. 

EXPERIMENT 

IJNTE&VAIi 

o 

o 

P 

15° C. 

20° C. 

25 ® a 

m 




mg. 

mg. 

mg. 

mg. 

mg. 

1 

Dec. 

l 

0.33 

0.55 

0.70 

0.88 

1.25 


12-14 

2 

0.34 

0.62 

0.77 

1.14 

1.88 


1028 

3 

0.36 

0.77 

1.07 

1.37 

2.13 



4 

0.39 

0.94 

1.18 

1.76 

2.78 



5 

0.46 

1.12 

1.50 

2.26 

3.63 

2 

Dec. 

1 


0.61 

0.83 

0.87 

1.37 


14-16 

2 


0.60 

0.85 

1.15 

1.93 


1928 

3 

0.37 

0.76 

1.03 

1.35 

2.38 



4 

0.47 

0.93 

1.29 

1.75 

3.27 



5 

0.49 

1.08 

1.69 

2.34 

3.82 

3 

Dec. 

1 

0.36 

0.78 

0.95 

1.10 

1.39 


16-18 

2 

0.42 

0.77 

0.93 

1.40 

1.78 


1928 

3 

0.52 

0.83 

1.09 

1.59 

2.47 



4 

0.66 

1.01 

1.31 

2.04 

3.57 



5 

0.73 

1.19 

1.58 

2.72 

4.50 

4 

Dec. 

1 

0.40 

0.74 

0.84 

0.95 

1.49 


18-20 

2 

0.39 

0.72 

0.87 

1.08 

1.81 


1928 

3 

0.51 

0.84 

1.06 

1.42 

2.37 



4 

0.58 

0.98 

! 1.41 | 

| 2.07 

, 3.49 



5 

0.68 

1.22 1 

i 

1.69 

i 1 

2.49 

| 

1 4.03 

l 

23 I 

Feb. 

1 1 

0.35 

0.60 i 

1 0.77 

' 1.02 

1 1.19 


12 

2 

0.42 , 

0.62 

0.78 

1.12 

1.63 


1929 ( 

, 3 

0.45 

0.73 

1.02 

1.61 

2.32 

37 

Mar. 

1 

0.44 

0.62 

0.82 

0.96 

1 1.23 


20-22 

2 

0.46 

0.62 

0.81 

1.07 

1.64 

* 

1929 

3 

0.48 

0.71 

1.04 

1.40 

2.14 



4 

0.54 

0.91 

1.29 

1.77 

3.01 


i 

5 

0.63 

1.22 

! 

1.71 j 

| 2.33 

4.00 

38 , 

Mar. 

1 

0.43 

0.52 

0.80 

0.87 

1.20 

1 

22-24 

2 

0.41 | 

0.52 

0.89 

1.18 

1.64 

1 

1929 

3 

0.47 

0.73 

1.16 

1.47 

I 2.14 


« 

4 

0.54 

0.88 

1.50 

1.98 

3.21 


i 

5 

0.68 

1.09 

1.87 

2.51 

I 


Note. — Experiment aeries 23 was continued for three Intervals only. The two blanks 
for series 2 and one for series 38 Indicate that the data were lost. 

the four hours following the close of the adjustment period (i.e. the 3rd 
to the 6<h hour, inclusive, after transfer of seedlings to culture flask) ; 2nd 
interval, the nest 6 hours (7th to 12th hour of the experimental period) ; 
3rd interval, the next 12 hours (13th to 24th hour) ; 4th interval, the next 










sftE!$q3 SSSSS S8SS5 SSSSS 

CooortH ooh'h ©3 onwcc'd d r? ed d id »h ©4 d w ce 


&se§gs sssss sssss assss sssss « 

^OOHHH OOHHei 6 rl W CQ d el oo id d r^diodtt 


SSSS^S SSSS8 S5388 83SS8 S§e§5 « 

p©OHih« ohhmoi d h el w d d »h cd V d *4 cl d w d 


eifc NOOOrn © X b- rH © © © X © X 03 © 03 © 03 © rH rH H* H< 

°°. r! W . ®*. © 04 00 X U3 bj 00 04 X X 00 9 00 05 03 o 00 05 iH 

5 O o H H H © © 1 -i ri 03 © iH i-i 03 cd © rH 03 00 d H 03 (O ^ d 


?Hjb»04©3© © X © HJ © © 04 HJ 05 X 00 03 00 l> CO o N >n 00 00 

5 © © O fH fH © © rH ri 03 © © ri iH 03 © ri fH 03* H? rH rH 03 00 © 


«iH<iHeo©H* H< ©3 H* H< 04 © 00 rH fc- © C^tDOH 00 H« 00 WO 

§>H<C>X©C0 ©t»©03CD ©XC3©03 NO^OH 00 00 00 00 

5 © © © iH ri © ©' © fH rH © ©* »H rH Ol © fH ri 03* 00 © r-i ri ©3* d 


* © 00 03 VO O »-l H* H* © © © X t> © X CO H* 00 © H* rH © t> © © 

^eq © X © # CO <»»* © X rH b- HJ b* © HJ 03 © © CO © 03 © rH © H* O 

5 © © © © r-i © © © ri r-i © © ri rH 03 © © r-i r-i CO © ri r-i ©3 H» 


• H< X © b- 00 rH © 00 O © H*©3X-it*©3 rH © t- rH © © rH X t» © 

g»^©t^©0vj H<©, X©3b- HJ©Ot>© ©b-rHOQt-; © 05 05 © 

E © © © © fH © © © rH* fH © © rH ri 03 © © ri 03 00 © © ri 03 H« 


• 03 © © 03 rH H* H* © b- © 00 03©©© © © X rH © SNIftCOW 

fc5H< © X O 03 CO © X CO X 00 ©©©00 CO b; rH CO rH CO X © 04 t> 

S © © © r-i r-H © © © ri r-i © © ri tH ©3 ©’ © r-i 03 CO © © iH 03 X 


• X H CO CO © rH © b- H* ©3 ^HHHft NNStO© © 03 H< © X 

S&X © © rH CO © b- rH 00 © fH X g 03 00 00 00©© HJ © © X © 

E o © © © fH © © ©* ri rH © ©‘ rH ri 03 © © ri 03 03 © r-i ri 03 CO 


© © © fH rH OOHr 


nxnxn 

© ©‘ r-i ri 03 


pi©©WH<© © rH rH © rH 
g>W HJ © S © 03 HJ © t> rH 
8 0 0 0 0 0 © © © © rH 


b- © © X X Xb-OXr 

03 Hr* © 04 00 03 HJ b; ©. " 

© ©’ © © ri © © © r-i r 


HJ © < HJ rH t> 
© ri r-i 03* 03 


©©©XX 
©3 © X ©3 H< 
© © © ri ri 


sasss sassa sagas sagas 


|||| g ||8|| 9 j|||f ||| 


ItfOLTJSIV*) 





34 


PLANT PHYSIOLOGY 


12 hours (24th to 36th hour) ; 5th interval, the last 12 hours of the ex- 
periment period (37th to 48th hour). Each line of the table shows values 
for a single temperature and each column shows values for a single oxygen 
pressure. The number of experiments on which the values of each column 
are based is shown at the bottom of the column. The probable errors of 
the averages were computed in a large number of cases by Bessel’s (30) 
formula, and they were found in most cases to be less than 4 per cent, of 
the average itself ; in a very few cases the probable error was about 6 per 
cent.* of the average. It is probably safe to suppose that the lowest values 
given in table II represent the facts within plus or minus 0.02 or 0.03 mg. 
and that the highest values are thus representative within plus or minus 
0.4 or 0.5 mg. 

Prom the averages given in table II, the most obvious facts to be noted 
are that these experiments gave rates of C0 2 production varying in mag- 
nitude from below 0.3 mg. to nearly 7.0 mg. per hour, for 100 seedlings, 
and that the magnitudes of the rates are clearly related to the temperature- 
oxygen combination used and to the developmental phase of the plantlets. 

Pbogbesbive increase in COj production throughout the experiment 
period. — It is generally evident from table II that the rate of C0 2 produc- 
tion for any combination of temperature and oxygen pressure became 
progressively greater with time; the rate for a later interval generally 
more or less exceeds the corresponding rate for any earlier interval in the 
same experiment. This would be expected, for the rate here considered 
should generally be greater as development of the plantlets proceeds 
through its earlier phases. The developmental progress of CO,, production 
must have been very slow at the inception of germination and this progress 
in the experiment period fails to be indicated or was only slightly marked 
for combinations of low temperature and low oxygen pressure. This prog- 
ress is generally well shown, however, for combinations of low temperatures 
and high oxygen pressure and for combinations of high temperatures and 
any oxygen pressure tested, being most pronounced for the combination 
of 30° and 90 or 95 per cent, of oxygen in the gas mixture. 

The time graphs of figures 3 and 4 are representative samples of a 
complete series of graphs representing all the data in table II. Figure 3 
shows the five time graphs, one for each of the temperatures tested, for 
each of six representative oxygen pressures ; namely, 9.8, 20, 50, 75, 90 and 
98.3 per cent. Each section of the figure shows the numerical data for 
C0 2 production (ordinates) for each of the observation intervals (abscis- 
sae), there being five graphs in each case, one for each of the maintained 
temperatures used. The temperature represented is shown at the right- 
hand mid of each graph. Each of these single graphs thus shows the time 
march of CO, production from the first interval (3rd to 6th hour after the 
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start of the experiment) to the fifth interval (37th to 48th hour). In each 
of the time graphs (including those of figure 4 as well as those of figure 
3) the abscissa for any point represents the middle of the observation 
interval in question; for example, data for the second interval (7th to 12th 
hour of the period) are plotted as referring to the end of the 9th hour. 

In no section of the series of graphs represented by figure 3 is there 
any crossing or coincidence of the graphs; with every oxygen pressure 
tested the five-degree temperature intervals were amply great to insure 
perfectly distinct graphs of this sort and it is apparent that much narrower 
temperature intervals might have been employed without the introduction 
of confusion due to unexplained variability among the lots of seedlings. 
Of course the five graphs for any oxygen pressure approach one another 
for the shorter abscissae, since the rates of C0 2 production must all have 
approached zero at the beginning of the germination period, no matter 
what combination of temperature and oxygen pressure was used. 

The graphs of figure 4 are in part the same graphs as are shown in 
figure 3. In figure 3 there is for each one of six representative oxygen 
pressures a group of five time graphs ( for the five temperatures ) and each 
section of the figure represents a single oxygen pressure. In figure 4, on 
the other hand, there is for each of the five temperatures a group of four 
or five time graphs ( for representative oxygen presures) and each section 
of this figure represents a single temperature. By the first arrangement 
the graphs are grouped according to oxygen presure while they are grouped 
according to temperature by the second arrangement. In figure 4 both 
the lowest and the highest graph are shown for each temperature, with one 
or two intervening graphs for Representative oxygen pressures between the 
pressure for the lowest and that for the highest graph. These are all full 
lines. For 10° they are for oxygen pressures of 0.6, 20 and 90 per cent, 
and for the other temperatures they are for 0.6, 20, 50 and 95 per cent. 
(In the few instances where the same graph is not highest with respect 
to all intervals the graph shown as highest is the one that is highest for 
the fifth interval.) In addition, the graph for the oxygen pressure of 98.3 
per cent, is shown in every case, its line being broken to distinguish it more 
readily from the'other graphs. 

Some temperature-oxygen combinations failed to show a regular in- 
crease in the rate of C0 2 production from interval to interval and these 
exceptions are of special interest. They are listed here for the sake of 
inspection. Each combination is shown, in the following lists, by its tem- 
perature and its oxygen-percentage value separated by a comma, and the 
value in parenthesis is the difference (in hundredths of a milligram) between 
the two average rates considered. For the following thirteen combinations 
of temperature and oxygen pressure the average for the second interval 
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does not exceed that for the first: 10°, 0.6 (10) ; 10°, 3.1 (5) ; 10°, 6.3 (7) ; 
10°, 9.8 (8) ; 10°, 16 (3) ; 15°, 0.6 (5) ; 15°, 3.1 (3) ; 15°, 6.3 (5) ; 15% 9.8 
(2) j 15% 16 (2) ; 20% 0.6 (2) ; 20% 3.1 (0) ; 20% 9.8 (6). For the follow- 
ing eight combinations the average for the third interval does not exceed 
that for the first: 10% 0.6 (9) ; 10% 3.1 (8) ; 10% 6.3 (4) ; 10% 9.8 (9) ; 



Fig. 4. Representative time graphs showing the march of CO, production during 
the experiment period for each oxygen pressure as related to temperature. These are 
arranged in groups corresponding to the several temperatures, each group representing 
a different temperature. 

10% 16 (0) ; 15% 0.6 (0) ; 15% 6.3 (0) ; 15% 9.8 (4). For the following 
four c ombinations the rate for the fourth interval does not exceed that for 
the first: 10% 0.6 (8) ; 10% 3.1 (3) ; 10% 6.3 (1) j 10% 9.8 (6). Only for 
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the combination of 10 s and 0.6 per cent, does the rate for the fifth interval 
fail to exceed that for the first These exceptions are all confined to tem- 
peratures of 20° or lower and to oxygen pressures of 16 per cent, or lower 
and they correspond to environmental complexes that gave relatively low 
rates of C0 2 production in any interval. In some of these instances the 
exceptions may be due to possible errors in observation, which were of 
course relatively larger for these lowest rates, but many of them appear 
to be significant, suggesting that the effect of the environmental change 
from germination flask to culture flask (or the lagging influence of the 
environmental conditions of the germination period extending into the ex- 
perimental period) required more or less of the experiment period in which 
to disappear. It is possible that the effect of the environmental change 
itself may have been important in determining the higher rate of CO* 
production in the earlier test intervals, in the cases where this occurred. 
It has been mentioned in various connections in the literature that a sudden 
change in the environment may result in a stimulation or retardation of 
activity, either of which may be opposite in tendency from the direct effect 
of the conditions prevailing after the change. A recent notable example 
of this is contained in a paper by Pabija (34), in which the graphs illus- 
trate pronounced temporary increases in C0 2 production by apples when 
they were subjected to a change from one atmospheric environment to an- 
other with a lower oxygen percentage, and a temporary reduction in C0 2 
production for an environmental change of the opposite description, for 
changes between several different oxygen percentages, including ordinary 
air, pure oxygen, pure nitrogen, and percentages of oxygen from 3 to 9 at 
intervals of 2 per cent. 

In this connection we may neglect the data for the first interval and 
consider the period of transfer and adjustment as of 8 rather than 2 hours. 
When that is done an examination of table II shows only three exceptions 
of the sort here considered; only for the three combinations, 10°, 3.1 (3) ; 
10°, 9.8 (1) and 15°, 9.8 (2), were the rates for the second interval greater 
than those for the third and these exceptions are negligible. Rates for the 
second interval were in all cases smaller than the corresponding rates for 
the fourth or fiJfth. 

Because of the progressive increase in the rate of CO., production 
throughout the period, the time graphs generally slope upward from low 
ordinates at the left to higher ones at the right. The mean rate of upward 
slope is usually greater with higher temperature than with lower, for any 
oxygen pressure. It is usually greater with higher oxygen pressure than 
with lower, for any temperature, but generally there is indicated an optimal 
oxygen pressure below 98.3 per cent. In no case does a graph bend down- 
ward at the right, which indicates that no maximum rate of C0 2 production 



mack: germinating wheat 


39 


was attained in the experiment period with any of these complexes of con- 
ditions. In some cases the graphs beyond the second interval, are nearly 
rectilinear (e.g., that for 25° and 20 per cent.) in other cases they are 
somewhat concave upward in the region of the later intervals, and in still 
other cases they are somewhat convex upward in that region. Of course 
upward convexity means a decreasing acceleration of the rate of C0 2 pro- 
duction and suggests that a maximum in that rate may have been ap- 
proached. This last suggestion applies especially to the graphs for 30°, 
a temperature that must be regarded as surely supra-optimal for health 
in such seedlings as these, for it is likely that pathological conditions super- 
vened before the close of the experiment period in all cultures maintained 
at 30°. 

In each section of figure 4 the upward slope of the time graphs is seen 
to be generally steeper for any temperature as the oxygen pressure is 
greater, until the highest graph for the given temperature is reached, but 
the graph for a pressure of 98.3 per cent, (broken line) regularly lies below 
the highest graph. The highest oxygen pressure (nearly pure oxygen) 
gave generally lower average rates of 00 2 production for any temperature 
and observation interval than did the slightly lower pressure that gave 
the corresponding highest rate for that temperature and interval. In the 
whole series of time graphs represented by figure 4 the only exceptions to 
this rule are for 10° in the first interval. The rates for 10° in the first 
interval are low and alike for 90, 95 and 98.3 per cent. For 25° in the 
second and third intervals the graph for 98.3 per cent, lies slightly above 
that for 95 per cent., but in these two instances the highest rates were given 
by an oxygen pressure of 90 per cent, and reference to table II shows that 
these two ordinates of the graph for 98.3 are both much smaller than the 
corresponding values for 90 per cent. 

Special study op the combination of 20° and the oxygen pressure 
op 20 per cent, in the several intervals. — Special attention may be called 
to the behavior of the seedlings subjected to the maintained combination 
of 20° and 20 per cent. The values for this combination of a commonly 
experienced temperature and ordinary air may be considered as fairly 
representative of many germination tests and of what occurs when such 
seed as was used in this study is allowed to germinate in field plantings. 
These seedlings had been transferred from water to the standard nutrient 
solution at the beginning of the experiment but their temperature and 
oxygen pressure had not been significantly different during the experiment 
period from what these had been during the germination period. For the 
youngest development phase studied (1st interval, when shoots were only 
about 0.5 mm. long and roots were barely showing through the coleorhiza) 
the average mean rate of CO., production was 0.82 mg. per hour per 100 
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seedlings. The rate increased as time went on (being 0.84 mg. for the 2nd 
interval, 1.07 mg. for the 3rd interval, 1.33 mg. for the 4th interval) until 
it had a value of 1.67 mg. for the last interval, when the seedlings had 
shoots about 5 mm. long and roots about 20 mm. long. It is remarkable 
that this series of values, from 0.84 for the 2nd interval (say 9 hours after 
the beginning of the experiment), to 1.67 for the 5th interval (say 42 
hours after the beginning of the experiment), shows an increase that is 
almost proportional to time, at the rate of about 0.025 mg. per hour. 

Rates in the second interval. — Because some of the rates of CO* 
production in the first interval appear to show influence of the environ- 
mental change that occurred when the cultures were started, the earliest 
interval which is practically without such inconsistencies is the second, the 
data for which may be taken to represent these seedlings at a very early 
developmental stage. These data are shown in the second horizontal section 
of table II and by the graphs of figures 5 and 6. 

The chart of figure 5 was planned to show how these very young seedlings 
(all of the same age with respect to time) exhibited different rates of CO* 



Pare# niag* at Oxygen 

Fig. 5. Diagram showing by contours or isopleths, the relations between rate of 
OO s production (by* 100 seedlings) and maintained temperature-oxygen combinations 
for the second test interval. Points of intersection of the vertical and horizontal lines 
represent the values given in table 11. For all points on any contour the average rate 
of CO, production is the same, its value being indicated by the number on the contour 
(0.50 to 2.50). 

production according to the particular maintained combinations of tem- 
perature and oxygen pressure to which they had been subjected since the 
cultures were started* - This chart represents a solid diagram in which 
“east-west” distances represent progressively larger partial pressures of 
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oxygen, “south-north” distances represent progressively higher maintained 
temperatures, and altitudes (as shown by the values on the isopleths or 
contours) represent hourly rates of C0 2 production. Isopleths are shown 
for each rate from 0.50 mg. to 2.75 mg., by intervals of 0.25 mg. A glance 
at this diagram will show what average hourly rate corresponds to any 
tested combination of temperature and oxygen pressure, or what combina- 
tions of these factors correspond to any particular average rate, for the 
second observation interval. It is notable that the same rate may corre- 
spond to many different combinations of temperature and oxygen pressure. 
For example, the rate of 1.0 mg. per hour per 100 seedlings in the second 
test interval coresponds to combinations of about : 14.5° and 86 per cent., 
17.5° and 58 per cent., 20° and 38 per cent., 22.75° and 18 per cent., 22° 
and 10 per cent., 28.5° and 0.3 per cent., etc., etc. This manner of present- 
ing the numerical data emphasizes the generalization that neither tempera- 
ture alone nor oxygen pressure alone is to be considered as the determining 
condition for any rate of C0 2 production; both of these factors must be 
considered and there is a broad range of combinations of them that corre- 
spond to the same rate. 

It is to be noted that the isopleths of figure 5 are in general closer to- 
gether (i.e., the slope of the surface represented by the diagram is steeper) 
in the region of combinations of the higher values of the two experimental 
variables than in the region of combinations of the lower values. In other 
words, these seedlings were less sensitive, as far as the rate of C0 2 produc- 
tion is concerned, to differences between combinations of high temperature 
and high oxygen pressure than to differences between combinations of low 
temperature and low oxygen pressure. 

It is interesting to observe also that, for oxygen pressures between about 
20 per cent, and about 90 per cent., the temperature corresponding to any 
average hourly rate of C0 2 production is generally lower as the oxygen 
pressure is higher, the oxygen pressure corresponding to any rate is lower 
as the temperature is higher, and the relation between temperature and 
oxygen pressure for any average rate above about 1 mg. per hour is nearly 
a linear one and about the same for all these rates. Within the region of 
the diagram here considered (between oxygen pressure of about 20 per 
cent, and about JO per cent.) the percentage value of the oxygen pressure 
giving any average rate of C0 2 production above about 1 mg. per hour is 
decreased by about 15 for each temperature increase of about 2°. Bates 
of C0 2 production below about 1 mg. per hour show contours with pro- 
gressively lower slopes in the region of approximate linear relation be- 
tween temperature and oxygen pressure, the left margin of this region 
being shifted to the right. The characteristic forms of the contours for 
the region of oxygen pressures below about 20 per cent, and for the region 



42 


PLANT PHYSIOLOGY 


of pressures above about 90 per cent, bring out other modifications which 
will be referred to below. Within the range of oxygen pressure between 
about 20 and about 90 per cent, the rate of CO* production for any pressure 
is shown to increase rather regularly with increase in temperature, some- 
what more rapidly in the higher than in the lower temperature ranges. 
Also, the rate of CO, production for any temperature is shown to increase 
rather regularly with increase in oxygen pressure within the specifiedrange, 
somewhat more rapidly for higher than for lower temperatures. 

Other diagrams similar to that of figure 5, for the data of the 3rd, 4th 
and 5th intervals and for the experiment period as a whole are just as 
interesting and instructive as the one here shown. They may be readily 
constructed from the data given in table II. 

Figure 6 presents plane graphs of the data on C0 2 production in the 
second interval. Ordinates represent average hourly rates of C0 2 produc- 
tion and abscissae represent percentages of oxygen in the gas mixture. 



3ft®. 6. Graphs of CO, production in the second observation interval, as related to 
oxygen pressure and to temperature. Each graph represents 
a different temperature. 

There are five graphs in each group, one for each temperature tested. 

Two graph maxima are clearly shown for 25° and 30° and suggested 
for 10°, 15° and 20°. For 25° and 30° the first graph maximum corre- 
sponds to a pressure of 9.8 and in all cases the second graph maxim um 
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corresponds to a pressure of 90 per cent. Between these two graph maxima 
there is indicated a minimum region, the minimum itself corresponding 
to 20 per cent, for 25° and to 16-30 per cent, for 30°. 

The existence of two graph maxima implies two optimal oxygen pressures 
for the given temperature, the first (lower) optimal pressure being 9.8 
per cent, for 25 and 30° and the second (higher) optimal pressure being 
90 per cent. The second or main optimum of pressure is clearly shown 
for all temperatures tested in the second interval, but the first optimum 
is only suggested for the three lower temperatures, for which it appears 
to be progressively lower with lower temperature. The double optimum 
of oxygen pressure is also indicated by the contours of figure 5 ; the graphs 
of figure 6 are of course simply “ east-west * 9 profiles of the area represented 
by figure 5. More attention will be given to this double optimum in con- 
nection with the discussion of the rates for the entire period, in the next 
following section. 

Another aspect of the complex set of relations shown by figures 5 and 
6, for the second observation interval, may be illustrated by noting that 
although the rate of C0 2 production is shown to be generally higher with 
higher temperature and also with higher oxygen percentage, within the 
ranges studied, yet the two influences are not generally equally effective. 
The temperature influence is most effective with an oxygen pressure of 
about 90 per cent, and least effective with a pressure of 0.6 per cent., but 
it is more effective with 10 than with 20 per cent, and less effective with 
98.3 than with 90 per cent. The plantlets were able to produce C0 2 most 
rapidly, in this second interval, when the temperature effectiveness was 
high; that is, when a given increase in temperature gave a large increase 
in C0 2 production. 

The rate of C0 2 production for any temperature in the second interval 
is shown by the plane graphs to have been nearly proportional to the oxygen 
pressure for a range of pressure between about 20 or 30 per cent, and 
about 90 per cent., the upward slope of the nearly rectilinear graphs for 
that range being progressively steeper with higher temperature. A similar 
observation has been noted from the isopleths of figure 5. 

C0 2 PRODUCTION IN THE ENTIRE EXPERIMENT PERIOD. — The data for total 
C0 2 production in the whole experiment period are given in table III and 
are represented by the graphs of the first part of figure 7. The arrange- 
ment of these graphs is like that of the graphs in figure 6, ordinates being 
the average rates of C0 2 production while abscissae are oxygen pressures, 
with a separate graph for each of the five temperatures. The units shown 
at the left of the figure are for average hourly rates for the whole period; 
ix., each total value given in table III has been divided by 46 (the number 
of hours in the experiment period) to give the corresponding ordinate 
shown in the graphs. 
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Fig. 7. Graphs of CO, production and of shoot elongation in the entire experiment 
period, as related to oxygen pressure and to temperature. Each 
graph represents a different temperature. 

The graphs for the entire period are very similar to those for the 
second interval. The two graph maxima shown for the second interval 
are clearly shown here for 15°, 20°, 25° and 30° and are suggested for 
10°. The portion of each graph between the subordinate mini mum and 
the second maximum is nearly rectilinear, with the slope progressively 
steeper as the temperature is higher, as is true of the graphs for the higher 
temperatures in the second interval. The first graph maximum corre- 
sponds to higher oxygen pressure with higher temperatures; for 10° and 
15° it is indicated as corresponding to 3.1 per cent., for 20° it corresponds 
to 9.8 per cent., and for 30° it corresponds to 16 per cent. These pressure 
values are those of the first or subordinate optimal pressure. The second 
graph maximum corresponds to a pressure of 90 or 95 per cent, for all 
temperatures and this slight variability appears not to be related to tem- 
perature. The abscissa of the second graph maximum is of course the main 
or second optimal oxygen pressure in each instance. 

It is specially remarkable that the main optimal oxygen pressure is 
shown as below 98.3 per cent, for every temperature tested in every interval 
and in the whole period; this highest pressure tested was surely supra- 
optimal in every instance. Reference to table II shows that the main 
optimal oxygen pressure (the average rates for which are there shown in 
bold-face type) was either 90 or 95 per cent, in every case excepting 10° 
in the first and third intervals, for which it is shown as 75 per cent. 
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The subordinate graph minimum for the graphs of the -whole period 
generally corresponds, like the first maximum, to an oxygen pressure that 
is somewhat higher as the temperature is higher. For 10° and 15° its 
abscissa is 9.8 per cent., for 20° the corresponding oxygen pressure is 
shown as between 9.8 and 16 per cent., for 25° its abscissa is 20 per cent, 
and for 30° between 20 and 30 per cent. 

The existence of two maxima with an intervening minimum in graphs 
of the sort shown in figure 6 and the first part of figure 7 seems not to 
have been pointed out in the literature before and the now obscure tem- 
perature-oxygen relations that must be responsible for these peculiar fea- 
tures are worthy of special study. An explanation is doubtless to be sought 
in the physiological chemistry of respiration in such seedlings as these, 
but no complete and plausible hypothesis seems as yet to be possible in this 
connection. An apparently pertinent suggestion will be presented after 
the graphs for shoot elongation have been considered. As has been men- 
tioned, these two graph maxima imply a double optimal oxygen pressure 
for each temperature, the first (or lower) optimal pressure being in each 
instance the abscissa for the first graph maximum, while the second (or 
higher, main) optimal pressure is the abscissa for the second graph maxi- 
mum. The physiological meaning of this apparently important double 
optimal pressure may be made clear by a concrete example, as follows: 
For the whole experiment period and the temperature of 25° the oxygen 
pressure of 9.8 per cent, gave a much higher rate of C0 2 production than 
was given either by 6.3 per cent, or by 20 per cent., while the rates for 
6.3 and 20 per cent, are shown as about alike. The rate of C0 3 production 
for 25° and 6.3 per cent, of oxygen was 84.6 mg. and that for 23° and 
20 per cent, of oxygen was 80.4 mg., while that for 25° and 9.8 per cent, 
of oxygen was 98.4 mg. 

Graphs are shown here for only the second interval and the entire 
period, but the data of tables II and III show that the double graph maxi- 
mum and the intervening minimum occur rather regularly for other in- 
tervals than the second, though the data are not wholly consistent in this 
respect. In table IV are assembled the approximate oxygen-pressure values 
corresponding to the first maximum, the second minimum and the main 
maximum in each graph, including the graphs not here reproduced as well 
as those of figure 6 and the first part of figure 7. The data are from tables 
II and m. 

With two exceptions (30°, first interval, and 20°, second interval) the 
double graph maximum, which implies a double optimum in oxygen pres- 
sure, is at least suggested for all temperatures tested in all observation 
intervals and in the whole period and it is clearly shown for the higher 
temperatures in every case. Both the first optimal pressure (correspond- 
’ 
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TABLE IV 

Approximate oxygen pressures (percentage op oxygen in we gas stream) corre- 
sponding TO FIRST OR SUBORDINATE MAXIMUM, SECOND OR SUBORDINATE MINIMUM 
AND SECOND OR MAIN MAXIMUM ON EACH GRAPH OF 00 2 PRODUCTION FOR 
EACH TEMPERATURE TESTED IN EACH OBSERVATION INTERVAL AND 
IN THE ENTIRE EXPERIMENT PERIOD. THE GRAPHS FOR 
THE SECOND INTERVAL AND THE ENTIRE PERIOD 
ARE REPRODUCED IN FIGURES 6 AND 7 




10° 

15° 

20° 

25° 

30° 



per cent . 

percent . 

per cent . | 

per cent . 

per cent . 


1st max. 

16 

6.3 

9.8 

9.8 


1st interval 

2nd min. 

20 

9.8 

16 

20 



2nd max. 

75 

90 

90 

90 

90 


1st max. 

3.1? 

6.3? 


9.8 

9.8 

2nd interval 

2nd min. 

6.3! 

9.8? 

1 

20 

30 


2nd max. 

90 

90 

90 

90 

90 


1st max. 

6.3? 

6.3 

6.3 

9.8 

16 

3rd interval 

2nd min. 

9.8? 

9.8 

16 

20 

30 


2nd max. 

75 

95 

90 

90 

90 


1st max. 

6.3? 

6.3 

6.3 

9.8 

16 

4th interval 

2nd min. 

9.8? 

9.8 

16 , 

20 

30 


2nd max. 

90 

95 

95 

95 

95 


1st max. 

6.3 

6.3 

9.8 

16 

16 

3th interval 

2nd min. 

9.8 

9.8 

16 

20 

20 


2nd max. 

90 

95 

95 

95 

95 


1st max. 

3.1? 

3.1 

6.3 , 

9.8 

16 

Whole period 

2nd min. 

9.8? 

9.8 

9.8—16 

20 

20—30 


2nd max. 

90 

95 

90—95 

95 

90 


I 


ing to the first graph maximum) and the pressure corresponding to the 
second graph minimum are generally higher with higher temperature and 
with later intervals. Of course the pressure corresponding to the second 
minim um on a graph is always somewhat higher than that corresponding 
to the first maximum, the latter pressure being the one here called the first 
optimal pressure. Although some inconsistencies are to be noted, it seems 
clear from table IV that the double optimum of oxygen pressure for CO* 
production is significant and that the indications in this respect that are 
shown by the graphs of figures 6 and 7 are truly representative of the entire 
series of graphs. 

The five graphs of CO a production in the whole period are also like 
those for the same process in the second interval in that each one has a 
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nearly rectilinear region lying between the second or subordinate minimum 
and the second or main maximum ; for oxygen pressures between about 20 
or 30 per cent, and about 90 per cent., CO s production was nearly propor- 
tional to oxygen pressure and the constant of proportionality (the upward 
slope of the graphs) is progressively greater with higher temperature, its 
value being apparently determined by a temperature and the current de- 
velopment phase of the plantlets. 

Shoot elongation in the entire experiment period 

Observations on the rates of enlargement exhibited by the seedlings of 
the various cultures were not sufficiently precise for use in studying the 
several observation intervals of the experiment period but the average final 
length of the longest ten shoots of each culture furnishes a numerical value 
that may represent the corresponding total shoot elongation for the entire 
period. These average final lengths are given in table V. Where no value 
is shown, elongation was too slight to be measured by the rather crude 
method employed. All values in any line of the table are for the same 
oxygen pressure and the highest value for each pressure is designated by 
the use of bold-face type. An asterisk is shown at the left of the highest 
growth value for each temperature (highest value in each column) and a 
vertical line at the right brackets several values when these appear to 
indicate an optimal range of oxygen pressure for the temperature in 
question. 

Besides the graphs of C0 2 production as related to temperature and 
oxygen pressure in the entire experiment period, figure 7 presents also the 
corresponding graphs for shoot elongation, the data for the latter being 
taken from table Y. Ordinates of these growth graphs are indices of total 
shoot elongation for the entire experiment period and abscissae represent 
percentages of oxygen in the gas mixture. There is a graph for each tem- 
perature tested. 

The graphs of shoot elongation differ from the corresponding ones of C0 2 
production in several ways. While no main minimal oxygen pressure is 
shown for C0 2 production with any temperature, all five of the graphs of 
shoot elongation are seen to meet the axis of abscissae at the left. It is 
important to note that the highest oxygen pressure giving no measurable 
growth (a pressure slightly below the minimal pressure for shoot elonga- 
tion) is progressivelkgreater with higher temperatures. For 10° and 15° 
this is 3.1 per cent., for 20° it is 6.3 per cent., for 25° it is 9.8 per cent, 
and for 30° it is 16 per fcllft. 

Each of these graphs of shoot elongation shows three low or minimal 
regions and two high or maximal regions on the oxygen scale, as in the 
case of* the corresponding graphs of C0 2 production, but details are very 
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TABLE V 

Average lengths or ten longest shoots in each couture, at end or experiment, as 

RELATED TO TEMPERATURE AND PARTIAL PRESSURE OP OXYGEN 



* Highest growth value for each temperature. 


different for the two processes. Each growth graph slopes sharply up- 
ward at the beginning, quickly attaining the first or subordinate graph 
maximum. Each graph then slopes downward to the second or sub- 
ordinate graph minimum and then again upward to the second or main 
graph maximum, beyond which it slopes sharply downward to its end. 

The presence of two graph maxima with an intervening subordinate 
m inim um renders these graphs of shoot elongation peculiarly interesting 
and makes it necessary to consider (as in the case of the corresponding 
graphs of C0 2 production) two optimal oxygen pressures for each tempera- 
ture. The remarkable similarity in form of all the growth graphs makes it 
seem probable that this feature is highly significant and important. (It is to 
be borne in mind, however, that the data of shoot elongation were secured by 
a much less precise technique than that by which the data of CO s production 
were secured.) These graphs all agree in showing the second or main 
maximum with an oxygen pressure of 95 per cent. (90-95 per cent, for 
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20°). The pressure of 98.3 per cent, was clearly supra-optimal for shoot 
elongation, as well as for CO a production, with every temperature. The 
first graph maximum for shoot elongation corresponds to a pressure range 
of 20-50 per cent, for 10° ; to a pressure of 50 per cent, for 15° and 25° ; 
to a pressure of 30 per cent, (or perhaps a pressure range of 30-50 per 
cent.) for 20° ; and for 30° this maximum is suggested for a pressure of 
75 per cent. The intervening second minimum is remarkably well and 
consistently shown by the graphs for 15°, 20° and 25°, on which it corre- 
sponds to a pressure of 75 per cent. It is indicated as corresponding to 
a pressure of 90 per cent, on the graphs for 10° and 30°, however, tem- 
peratures that are respectively below and above the temperature most 
favorable to growth. The 30-degree graph remains exceptionally low for 
all percentages of oxygen until the abscissa for 90 per cent, is passed, when 
it ascends sharply to its maximum, for 95 per cent. 

As in the case of C0 2 production, no reference to a double optimum 
of oxygen pressure for growth seems to have appeared in the literature 
and this feature of growth control in seedlings such as were used in this 
study is worthy of special attention, notably in connection with the corre- 
sponding double optimum of oxygen pressure for C0 2 production and all 
that is implied by such occurrences. 

Some comparisons between CO* production and shoot elongation as 

THESE WERE RELATED TO TEMPERATURE AND OXYGEN PRESSURE 

Possible competition between C0 2 production and shoot elonga- 
tion. — In figure 7 it is seen that the pressure corresponding to the first or 
subordinate maximum on the graphs of C0 2 production for the whole ex- 
periment period is apparently the same as the highest oxygen pressure for 
which the corresponding growth graph has zero as ordinate. For the 
several temperatures these critical pressures are as follows: 10° and 15°, 
3.1 per cent. ; 20°, 6.3 per cent. ; 25°, 9.8 per cent. ; 30°, 16 per cent. CO* 
production was regularly more rapid with higher oxygen pressures up 
to the pressure that just allowed measurable shoot elongation, beyond 
which C0 2 production was notably lower with still higher pressures until 
the subordinate* minimal region of the C0 2 graphs is passed. Although 
a considerable rate of CO* production may be supposed to be necessary 
for growth in such seedlings as these, yet the occurrence of growth may 
retard CO* production, as might be true if the two processes were com- 
peting, as it were, for the same plastic materials. The possibility that 
such competition may exist between growth and respiration were suggested 
by Copeland (9) who said that “the more active the respiration, the less 
the relative amount of plastic material left available for growth.” That 
the minimal oxygen pressure required for growth is greater with progres- 
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sively higher temperatures within the range considered, is in agreement 
with the results of Cannon *s (7) experiments on the oxygen requirement 
of roots, and it appears that the higher temperatures may promote respira- 
tion more than they promote growth, other conditions being suitable. Of 
course the rate of C0 2 production should tend to increase with the growth 
rate when the latter is relatively great, for respiration must be supposed 
to proceed more rapidly as the number of active cells (or the volume 
of active protoplasm) increases with development and this may perhaps 
explain the second maxima in these curves. The highest percentage of 
oxygen tested generally gave somewhat lower rates of both shoot elongation 
and CO* production than did a slightly lower percentage with the same 
temperature. But neither growth nor C0 2 production approached zero 
rate with any tested temperature combined with the highest oxygen pres- 
sure tested, 98.3 per cent. 

Prom the graphs in figure 7 it is apparent that the efficiency of res- 
piration with respect to the amount of growth produced became greater 
as the oxygen pressure was increased above the main oxygen pressure 
minimum for growth, until the subordinate minimum of oxygen pressure 
for C0 2 production was passed. Above this region in the graph the effi- 
ciency of respiration gradually decreased until the subordinate minimum 
of oxygen pressure for growth \*as reached. For temperatures near the 
optimum for growth, the maximum efficiency of respiration was reached 
at oxygen pressures near that in ordinary air. 

Kostytsciiew points out ( 25 , p. 54) that C0 2 production may not be 
greatly reduced by low partial pressures of oxygen in the surroundings, 
though the energy yield from respiration under such circumstances must 
be much less than when the oxygen pressure is higher. A rise in tem- 
perature may increase the respiration rate to a greater degree than it 
increases either the growth rate or the rate of transformation of plastic 
substances to available forms. The rate of growth may thus be limited 
on the one hand by the supply of available energy and on the other hand 
by the snpplj* of plastic substances not used up in the respiration process. 

Temperature influence compared with oxygen influence with 

RESPECT TO COo PRODUCTION AND SHOOT ELONGATION, BY MEANS OF COEFFI- 
CIENTS of effectiveness. — An idea of the relative influences of tempera- 
ture and oxygen pressure on the rates of C0 2 production and shoot elonga- 
tion, as shown by the results of these experiments, may be obtained by 
selecting an environmental complex that gave low rates and then ascer- 
taining how much greater the rates were when one or the other or both 
of these two experimental variables were altered so as to give the greatest 
effect. What nfay be called coefficients of effectiveness (Livingston and 
Shreve ( 29 , p. 208) may be secured in this way for alterations of one or 
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more environmental conditions. We may take as our unit for shoot elonga- 
tion the value 3.0 mm., which corresponds, let us say, to the temperature- 
oxygen combination of 10° and 20 per cent, (table V). With the tern- 
temperature increased from 10° to 25° (the oxygen concentration being 
unchanged) the elongation rate was 7.2 mm., which is about 2.4 times our 
unit. On the other hand, when the temperature was not altered but the 
oxygen pressure was increased from 20 per cent, to' 95 per cent the rate 
value was only 2.6, which is lower than our unit, and the effectiveness of this 
oxygen-pressure change is consequently negative, its coefficient being 0.9. 
When both changes occurred together the rate was actually changed from 
8.0 to 12.2 mm. and the coefficient of effectiveness of the double change iB 
4.7, which is 2.14 times as great as the calculated value, 2.2 (2.4 x 0.9). 
If the two environmental changes applied together had operated just as 
they did when applied separately, without mutual influence of antagonism 
or synergism (i.e., if the effects had been simply additive), then the rate 
corresponding to the double change should have been 2.2 times as great 
as our unit. That the data actually show the coefficient of effectiveness 
of the double change as 4.7 instead of 2.2 indicates that when both changes 
were applied together the influence of one or both was greater than when 
they were applied separately. The two influences were synergistic in their 
action and the synergism resulted in an increase of effectiveness from 2.2 
to 4.7. 

For C0 2 production (table III) these same changes give 3.5 and 1.5 as 
the coefficients of effectiveness of the temperature alteration and of the 
oxygen-pressure alteration, respectively, while the coefficient of the double 
change is 8.3, which is 1.57 times the product of 3.5 and 1.5. These con- 
siderations show that the change from the temperature-oxygen combina- 
tion of 10° and 20 per cent, to the combination of 25° and 95 per cent, 
was relatively much more effective to give more rapid C0 2 production 
than it was to give more rapid shoot elongation. Also it is indicated that, 
for both processes, the temperature change was much more important in 
this double alteration than was the oxygen change and that there was 
a pronounced synergistic action on both shoot elongation and C0 2 produc- 
tion, this being nearly twice as great for C0 2 production as for shoot 
elongation. 

Such considerations as these may be valuable for comparisons when 
further experimental data become available on the effectiveness of tem- 
perature and oxygen pressure in controlling the rates of C0 2 production 
and of growth in organisms. For the present we may simply call attention 
to the possibilities of this method of analysis and give emphasis to the con- 
clusions just presented. 
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The cardinal values op temperature and oxygen pressure for 
C0 2 production and shoot elongation in the entire 

EXPERIMENT PERIOD 

Four sets of values considered. — The relations of temperature and 
oxygen pressure to C0 2 production and shoot elongation may be studied 
by comparing the two sets of cardinal values for the two experimental 
variables. The values to be considered are (1) the main minimal, optimal 
and maximal temperature (A) for C0 2 production and (B) for shoot 
elongation, and (2) the same critical value of oxygen pressure. From the 
data of tables III and V (figure 7) the three cardinal values of tempera- 
ture for each oxygen pressure and the three cardinal values of each oxygen 
pressure for each temperature are first to be ascertained as nearly as 
possible. 

Cardinal values for C0 2 production. — The minimal temperature for 
C0 2 production in the entire period was evidently below 10° for every 
oxygen pressure tested, presumably for every oxygen pressure below that 
of pure oxygen under 1 atmosphere of gas pressure. The maximal tem- 
perature for C0 2 production in the whole period was evidently above 30° 
for all oxygen pressures, but 30° is surely somewhat supra-optimal for 
health in seedlings like these and it is probably safe to suppose that that 
temperature was about the maximum for C0 2 production in health. With 
the behavior of the seedlings under injurious or lethal conditions we are 
not here concerned. 

The optimal temperature for C0 2 production in the whole period was 
30° or above for all oxygen pressures tested, but because 30° is to be con- 
sidered as generally supra-optimal for health we may say that the optimal 
temperature for C0 2 production in healthy seedlings was, like the corre- 
sponding maximal temperature, probably not far trom 30° for all oxygen 
pressures below 100 per cent. 

No main minimal oxygen pressure for C0 2 production in the whole period 
is shown for any temperature. It is clearly shown to have been at least below 
0.6 per cent, in all cases, but it seems likely that there is no such thing 
as a minimal oxygen pressure for C0 2 production in such organisms as 
these, for C0 2 would probably be produced at a measureable rate in the 
complete absence of oxygen, at least with the higher temperatures tested. 

No maximal oxygen pressure for C0 2 production in the whole period 
is shown and it is evident that we must consider this critical value as above 
100 per cent, for all temperatures tested. It would of course be impos- 
sible to have an oxygen pressure above 100 per cent, without at the same 
time introducing a presumably serious alteration in the environmental 
background ; namely, a total gas pressure of more than 1 atmosphere. 
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The highest rate of C0 2 production for each temperature is shown in 
black-face type in table III. Of coarse the oxygen pressure corresponding 
to the highest rate for any given temperature is the main optimal pressure 
for that temperature. This main optimum varied with temperature, being 
shown as 90 per cent, for 10° and 30° and as 95 per cent, for 15°, 20° 
and 25°. It is remarkable that this value is indicated as below that of 
pure oxygen for every temperature tested. 

Special attention has already been given to the occurrence of a sub- 
ordinate optimal and a subordinate minimal oxygen pressure for C0 2 
production in the whole period, both with low values, -which range from 
6.3 and 9.8 per cent. (10° and 15°) to 16 and 20 per cent. (30°). 

Cardinal values fob shoot elongation. — The minimal temperature 
for measurable shoot elongation in the entire period is seen (table V) to 
have been somewhat below 10° for every oxygen pressure for which data 
are available. This agrees with the corresponding observation for C0 2 
production. But it is suggested that this minimal temperature for shoot 
elongation was probably lower for median pressures (20-50 per cent.) 
than for high or low pressures. 

The maximal temperatures for measurable shoot elongation in the whole 
period is shown as low for low oxygen pressures and higher for higher 
oxygen pressures, being indicated between 15° and 20° for an oxygen 
pressure of 6.3 per cent., between 20° and 25° for a pressure of 9.8 per 
cent., between 25° and 30° for a pressure of 16 per cent., somewhat above 
30° for pressure from 20 to 98.3 per cent, and farthest above 30° for a 
pressure of 95 per cent. These relations are very different from those 
for C0 2 production, for which no definite maximal temperature is shown 
for any oxygen pressure, although the temperature maximum was actually 
above 30° in every case. 

The optimal temperature for measurable shoot elongation in the whole 
period is, like the corresponding maximal temperature, low for low oxygen 
percentages and higher for higher percentages. This optimum is indicated 
between 10° and 15° for a pressure of 6.3 per cent., about 15° for pressures 
of 9.8 and 16 per eent., about 20° for pressures of 20 and 30 per cent., and 
about 25° for pressures of 50-98.3 per cent. The temperature of 30° was 
unquestionably markedly supra-optimal for shoot elongation in the entire 
period, for every oxygen pressure employed. In this respect also the tem- 
perature relations of growths were very different from those of C0 2 produc- 
tion, for which no definite optimal temperature is shown for any oxygen 
pressure, although it was surely above 30° in every case. 

The main minimal oxygen pressure for shoot elongation in the whole 
period varied with temperature, being higher for higher temperatures than 
for lower ones. It is indicated between 3.1 and 6.3 per cent, for 10° and 
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15°, between 6.3 and 9.8 per cent, for 20°, between 9.8 and 16 per cent, for 
25°, and between 12 and 20 per cent, for 30°. This statement differs 
greatly from the corresponding statement concerning CO a production, for 
which no minimal oxygen pressure is shown for any temperature. 

No maximal oxygen pressure for shoot elongation in the whole period 
is shown for any temperature and that maximum must have been above 
98.3 per cent., if such a maximum existed. This is in agreement with the 
corresponding statement concerning C0 2 production. 

The main oxygen-pressure optimum for shoot elongation in the whole 
period is shown at about 30 per cent, for 10°, probably between 30 and 50 
per cent, for 15° and 20°, between 50 and 95 per cent, for 25° and about 
95 per cent, for 30°. The oxygen pressure of 98.3 per cent, was clearly 
supra-optimal with respect to shoot elongation for every temperature tested. 
For C0 2 production this main optimal oxygen pressure is shown as 90 per 
cent, with 10° and 30°, and about 95 per cent, with temperatures from 15° 
to 25°. 

The occurrence of two optimal oxygen pressures (or double optimum) 
for shoot elongation in the whole period has been considered above, where 
it is pointed out that 0O 2 production and shoot elongation were apparently 
specifically related, in that the oxygen-pressure for shoot elongation is 
shown as having for each temperature the same value as the corresponding 
first optimal pressure for C0 2 production. 

Optimal combinations of temperature and oxygen pressure for C0 2 
production and rhoot elongation. — The optimal temperature-oxygen 
combination for C0 2 production in the entire period, is shown as the com- 
bination of 30° and the pressure of 90 per cent., while the corresponding 
optimal combination for shoot elongation is shown as the combination of 25° 
and the pressure of 95 per cent. This constitutes an additional {mint of dif- 
ference between the temperature-oxygen relations of the two processes. 
While the combination best suited to shoot elongation (25° and 95 per cent.) 
gave 12.2 mm. as the highest index of shoot elongation, the average mean 
hourly rate of C0 2 production corresponding to this index of elongation is 
only 190.8 mg., but the optimal combination for C0 2 production (30° and 90 
per cent.) gave a corresponding C0 2 production of 232.6 mg. and the total 
amount of shoot elongation for that same combination of temperature and 
oxygen pressure is only 4.0 mm. per seedling for the experiment period. If 
the indices of shoot elongation (12.2 mm.) and C0 2 production (190.8 mg.) 
are both taken as unity for the combination of 25° and 95 per cent, the 
relative values of these indices for the combination of 30° and 90 per cent, 
become 0,3 (shoot elongation) and 1.2 (C0 2 production). 

It is interesting to remark that the highest rate of shoot elongation 
shown may perhaps represent the developmental capacity of these seedlings, 
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for the background conditions and the duration factor employed. They 
had the capacity to develop shoots about 12.2 mm. long by the end of the 
experiment period if they were subjected to the temperature-oxygen com- 
bination of 25° and the oxygen pressure of 95 per cent, throughout the 
period, this development being accompanied by the production of about 
1.9 mg. of CO, per seedling. None of the environmental complexes tested 
allowed any higher rate of shoot development but higher rates of CO, 
production actually occurred with combinations of 30° and an oxygen pres- 
sure of from 75 to 98.3 per cent. The capacity of these seedlings with 
respect to CO, production in the given period, and without regard to 
pathological or lethal phenomena probably related to the supra-optimal 
temperature of 30°, is shown as 232.6 mg. for 100 seedlings (or about 2.3 
mg. per seedling), for the combination of 30° and the oxygen pressure of 
90 per cent. 

These observations constitute rather definite physiological characteriza- 
tions of the seedlings used in this study and they may be valuable for pur- 
poses of comparison when systematic data of the sort presented in this 
paper shall have become available for other plant forms. We may sup- 
pose that any seed or seedling possesses a definite development or growth 
capacity, or a definite capacity for the production of CO„ etc., and that an 
optimal environmental complex will permit the organism to attain its 
capacity, while failure to attain capacity in the specified time period implies 
a sub-optimal complex of environmental conditions. Of course it is logically 
possible that the optimal complex of conditions may be a broad range of 
complexes, or that there may be several different complexes each of which 
might allow or promote capacity performance. For performance consid- 
erably below capacity many different complexes may be suitable, as has 
been illustrated by the isopleths for CO, production in the second interval 
(figure 5), but as performance approaches the capacity of the organism 
the range of suitable complexes should become narrower. An interesting 
diagram of isopleths for shoot elongation may be constructed from the data 
of table V, but lack of sufficient space and the rather low degree of pre- 
cision that characterizes these data have led to the omission of the growth 
diagram here. 

It is possible that these seedlings might have exhibited a still greater 
capacity to grow or to produce CO, if the complex of environmental back- 
ground conditions had been different; for example, if some toxic or stim- 
ulating gas were present in the gas stream. The capacity rate here empha- 
sized is to be taken as holding, as far as present knowledge goes, only for 
the background complex used in these tests. 
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The cardinal values of temperature and oxygen pressure fob CO* 

PRODUCTION IN THE SEVERAL OBSERVATION INTER VALS 

In table II the highest rate of CO* production for each temperature is 
shown in bold-face type and of course these values correspond to the main 
optimal oxygen pressure for the respective temperatures. A study of these 
optimal pressures, in connection with the other cardinal values of oxygen 
pressure and the cardinal values of temperature, as they are alike or dif- 
ferent for the several consecutive observation intervals, brings out a 
number of interesting relations, some of which will be mentioned below. 

No minimal or maximal temperature with respect to C0 2 production 
is shown with any oxygen pressure tested (0.6 to 98.3 per cent.) in any of 
the five intervals. For all intervals, as for the whole period, the minimal 
temperature is shown as at least below 10°, and the maximal temperature 
is shown as above 30°, for every oxygen pressure tested. No optimal tem- 
perature is shown for any interval, but this value may be taken in every 
case as not far from 30° for all oxygen pressures, if only healthy seedlings 
are considered. Otherwise it may be considerably above 30°. 

As in the case of the entire period, no main minimal oxygen pressure 
is shown for any interval or temperature ; but this value was surely below 
0.6 per cent, in every case. (As has been noted, there is reason for sup- 
posing that there is no such thing as a minimal oxygen pressure for C0 2 
production in seedlings such as those here used.) No main maximum 
oxygen pressure is shown for any temperature in any interval, but this 
value was clearly above 98.3 per cent, in every case. The main optimal 
oxygen pressure is shown as varying with temperature and to some extent 
with the developmental phase of the plantlets. Its value is 90 per cent, for 
the first three intervals and 95 per cent, for the last two, for all tempera- 
tures tested, excepting that it is 75 per cent, for 10° in the second and 3rd 
intervals, 90 per cent, for 10° in the fourth and fifth intervals, 95 per cent, 
for 15° in the third interval. 

In general, the later intervals are well represented by the second, for 
which the data have been presented rather fully by isopleths and plane 
graphs. The occurrence of a double optimum of oxygen pressure for CO* 
production is generally indicated for all temperatures in all intervals, the 
exceptions being of inconsistent occurrence or confined to temperatures that 
gave very low rates of CO* production with all oxygen pressures. 

Summary and conclusion 

Nature of the experimen tation. — This paper presents the results of 
an experimental study on CO* production and shoot elongation in very 
young wheat seedlings subjected to 60 different maintained environmental 
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complexes representing a wide range of temperatures and of partial pres- 
sures of oxygen in the culture solution in which the seedlings were sub- 
merged. The seedlings used were all very nearly alike, having been pro- 
duced from selected seeds by means of a standard treatment. Their stage 
of development is indicated partly by the statement that the coleoptile was 
protruding less than a millimeter but that no roots had yet appeared, and 
partly by the specifications of the standard germination procedure that was 
regularly followed. One hundred seedlings were regularly used in each 
experiment. 

The environmental background, including all the influential external 
conditions excepting the experimental variables, was very nearly the same 
for all experiments. This background portion of the maintained environ- 
ment is described in detail, the main features being that the hundred seed- 
lings of an experiment were submerged in 250 cc. of a standard, weak 
nutrient solution continually stirred by the passage of gas bubbles during 
the experiment period and that light was excluded from the culture cham- 
bers. The culture solution was not renewed and it doubtless changed in 
various ways (dependent on the activities of the seedlings) throughout the 
experiment period, which regularly extended for 46 hours after the close 
of a 2-hour period of transfer and adjustment, the previous germination 
period having lasted for 42 hours after the placing of the dry seeds in the 
water of the germination flask. The experiment period was subdivided 
into five consecutive observation intervals (of 4, 6, 12, 12 and 12 hours), 
for each of which the average hourly rate of C0 2 production was ascer- 
tained; there are thus available from each experiment five measurements 
of the rate of C0 2 production, representing different stages of the develop- 
ment of the seedlings, which of course changed internally as development 
advanced. 

The experimental variables were maintained with very little fluctuation 
throughout the period of experiment, but they differed from experiment to 
experiment in a definite manner. They were the conditions of temperature 
and oxygen pressure, in 60 different combinations. Twelve different oxygen 
pressures were tested with each of five different maintained temperatures : 
10°, 15°, 20°, 25% 30° C. Any oxygen pressure was maintained by allowing 
a previously prepared mixture of oxygen and nitrogen to bubble con- 
tinuously (at the rate of 20 cc. a minute) through the 250 cc. of nutrient 
solution in the culture flask. The twelve different oxygen-nitrogen mixtures 
contained 0.6, 3.1, 6.3, 9.8, 16, 20, 30, 50, 75, 90, 95 or 98.3 per cent, of 
oxygen by volume. Commercial gases were used in the preparation of the 
gas mixtures. The total gas pressure in the space above the solution in 
the culture flask was very little above the pressure of the outside atmosphere, 
the excess .amounting to not more than 2 or 3 cm. of a mercury column. 
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Five experiments, all with the same partial pressure of oxygen but differing 
as to temperature, were carried out simultaneously in each experiment series 
and each series was repeated at least once before the final average rates of 
C0 2 production were computed. Some special repetitions near the end of 
the study showed clearly that the stock of seed used did not deteriorate 
appreciably while the work was in progress. 

The final averages represent the rates of C0 2 production for the respec- 
tive intervals, expressed as milligrams per hour, for 100 seedlings. The 
total amount of C0 2 produced by each culture was ascertained for each 
observation interval in each experiment period by absorbing the C0 2 in a 
measured quantity of standard Ba(OH) 2 solution, in an apparatus with 
some new features, and titrating the excess Ba(0H) 2 with standard HCi 
solution at the end of the interval. Observations on growth were made 
also and a numerical index of shoot elongation was secured from measure- 
ments made at the end of the entire experiment period. 

Progressive increase in C0 2 production with time. — The average rate 
of C0 2 production was generally greater for later observation intervals 
than for earlier ones in the same experiment. A number of exceptions to 
this general rule receive special attention. They are mainly confined to 
differences between rates for the first and second intervals and to combina- 
tions of temperature of 20° or below with oxygen percentages of 16 or 
below. Neglecting the exceptions, the increase in C0 2 production as time 
went on was generally slow for combinations of low temperature and low 
oxygen pressure, more rapid for combinations of low temperature and high 
oxygen pressure, and still more rapid for combinations of high temperature 
and high oxygen pressure. This acceleration in the rate of C0 2 production 
was most pronounced for the combination of 30° and an oxygen percentage 
of 90 or 95. To illustrate the increase in the rate of C0 2 production 
throughout the five intervals the following representative series of average 
hourly rates may be useful : 


Temperature-oxygen 

COMBINATION 

1st 

INTERVAL 

l 

2nd 

INTERVAL 

3rd 

INTERVAL 

4th 

INTERVAL 

5th 

INTERVAL 

10°, 20 per rent ! 

0.39 

0.41 

0.45 

0.53 

0.61 

20°, 20 per cent 

0.82 

0.84 

1.07 * 

1.33 

1.67 

20°, 95 per cent 

1.02 

1.38 

2.20 

3.60 

5.01 

30°, 95 per cent 

L87 

2.55 

4.54 

6.18 

6.87 
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Special attention is given to the manner in which the rate of C0 2 pro- 
duction increased with the progress of the experiment when the seedlings 
were subjected to the temperature-oxygen combination of 20 s and 20 per 
cent., a combination probably frequently encountered in nature. The aver- 
age rates shown under these conditions for the five intervals are respectively : 
0.82, 0.84, 1.07, 1.33 and 1.67 mg. and the acceleration is seen to be almost 
uniform. The rate is shown to have increased by about 0.025 mg. per hour 
during the 33-hour period between about the 9th hour and about the 42nd 
hour. 


NO MINIMAL OB MAXIMAL COMBINATION OP TEMPERATURE AND OXYGEN PRES- 
SURE fob C0 2 pboduction is shown. — No culture failed to give measurable 
C0 2 production with any tested combination of temperature and oxygen 
pressure in any interval and consequently no minimal combination or 
maximal combination is shown for any interval or for the whole experi- 
ment period. The lowest rate for every interval is for the combination 
of 10° and an oxygen pressure of 0.6 per cent., which gave rates of 0.26, 
0.27, 0.28 and 0.29 mg. per hour for 100 seedlings, for the second, third, 
fourth and fifth intervals, respectively. The combination of the highest 
temperature tested (30°) with the highest oxygen pressure tested (98.3 per 
cent.) gave high average rates in all intervals. These averages are 2.42, 
4.07, 5.47 and 6.38 mg. per hour for 100 seedlings, for the second, third, 
fourth and fifth intervals, respectively. 

Optimal combination por C0 2 production. — The optimal combination 
of temperature and oxygen pressure for C0 2 production in the several 
intervals is shown as the combination of 30° and 90 per cent, (first three 
intervals) or 95 per cent, (last two intervals). In no case did the optimal 
combination include the highest oxygen pressure tested (98.3 per cent.). 
The highest rates shown for the second, third, fourth and fifth intervals are, 
respectively, 2.88 mg. (for 30° and 90 per cent.), 4.65 mg. (for 30° and 90 
per cent.), 6.18 mg. (for 30° and 95 per cent.) and 6.87 mg. (for 30° and 95 
percent.). 

Bangs op possibilities well represented by temperatures and oxygen 
pressures employed. — The graphs and tables show that the 5-degree tem- 
perature intervals used in this study might have been narrower without the 
introduction of confusion due to unexplained variation among the different 
lots of seedlings, and some of the wider intervals of oxygen pressure might 
also have been reduced in width. On the whole, however, the intervals 
chosen for sampling the logical possibilities of combinations of temperature 
and oxygen pressure proved to be satisfactory for such a survey as this. 
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ISOPLETHS FOB EQUAL BATES OF C0 2 PBODUCTION IN THE SECOND in- 
terval. — The temperature-oxygen relations of C0 2 production in the second 
observation interval are set forth by a system of isopleths in a solid diagram 
and also by a set of plane graphs. The diagram shows clearly how the same 
rate of this process may result from many different combinations of tem- 
perature and oxygen pressure. For the region of this diagram between 
the lines for oxygen pressures of about 20 and about 90 per cent, the rela- 
tion between temperature and oxygen pressure is shown to have been ap- 
proximately linear for any rate value and the proportionality is about the 
same for all rates above 1.0 mg. Within this range the rate of C0 2 pro- 
duction for any oxygen pressure is shown to have been generally higher 
with higher temperature and the rate for any temperature was generally 
higher with higher oxygen pressure. 

Double optimal oxygen pressures for C0 2 production. — For the sev- 
eral intervals and also for the entire period two optimal oxygen pressures 
for (J0 2 production are generally shown with each temperature, these being 
the abscissae for two distinct graph maxima. Between the two graph 
maxima there is of course a subordinate graph minimum. The first or sub- 
ordinate optimal oxygen pressure and the pressure corresponding to the 
second or subordinate graph minimum are generally higher with higher 
temperatures; they generally vary from about 6.3 per cent, and 9.8 per 
cent, (for 10°) to about 16 per cent, and 20 per cent, (for 30°). The second 
or main optimal oxygen pressure is generally shown as 90 or 95 per cent. 
The physiological meaning of the double optimum of oxygen pressure for 
C0 2 production, a feature apparently not previously mentioned in the liter- 
ature of plant respiration and one that seems to be important, may be illus- 
trated by a concrete example from the data for 25° and for the whole ex- 
periment period, as follows: The oxygen pressure of 9.8 per cent, (first or 
subordinate optimum for 25°) gave a much higher rate of C0 2 production 
than was given either by 6.3 per cent, or by 20 per cent., while the rates for 
6.3 and 20 per cent, were about alike. And a much higher rate was given 
by 95 per cent, (main optimum for 25°) than by 9.8 per cent. The totals 
for these critical pressures, for 25° and for the entire period, are shown 


below. 

Lowest oxygen pressure tested (0.6 per cent.) 46.0 mg. 

First or subordinate optimal pressure (9.8 per cent.) 98.4 mg. 

Second or subordinate graph minimum (20 per cent.) 80.4 mg. 
Second or main optimal pressure (95 per cent.) 190.8 mg. 


Neither for any of the observation intervals nor for the whole period did 
the highest oxygen pressure tested (98.3 per cent.) give the highest rate 
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of CO s production for any temperature, and the pressure 98.3 per cent, was 
consequently supra-optimal for CO s production in every instance. 

Proportionality op C0 2 production to oxygen pressure. — As in the 
case of the second and later intervals, C0 2 production in the whole period 
is shown for any temperature as about proportional to oxygen pressure 
within the pressure range from that for the subordinate graph minimum 
to that for the main maximum; i.e., between about 20 or 30 per cent., and 
about 90 or 95 per cent. The constant of proportionality is shown to be 
greater with higher temperature. 

Cardinal temperatures for shoot elongation. — The data for shoot 
elongation in the entire experiment period are discussed in detail and their 
relations are compared to the corresponding relations of C0 2 production. 
No main minimal temperature is indicated for shoot elongation; it was 
clearly below 10° for every oxygen pressure tested. On the other hand, a 
minimal oxygen pressure for measurable shoot elongation in the experi- 
ment period is shown for every temperature tested and this critical pres- 
sure was progressively greater with higher temperature. The lowest pres- 
sures giving measurable shoot elongation were: for 10° and 15°, 6.3 per 
cent.; for 20°, 9.8 per cent.; for 25°, 35 per cent.; for 30°, 20 per cent. 

Double optimal oxygen pressures for shoot elongation. — The graph 
for shoot elongation with each temperature generally shows three low or 
minimal regions and two high or maximal regions, when oxygen pressures 
are abscissae and indices of shoot elongation are ordinates. It is therefore 
necessary to consider a double optimum of oxygen pressure for each tem- 
perature, as in the case of C0 2 production, but the details are very different 
for the two processes. Such a double optimum of oxygen pressure seems 
not to have been recorded in the literature of plant growth and it appears 
to be important. 

The first graph maximum for shoot elongation corresponds to a pressure 
range (first or lower optimal pressure) of 20-50 per cent, for 10° ; to a 
pressure of 50 pey cent, for 15° and 25°, to a pressure range of 30-50 per 
cent, for 20° and to a pressure of perhaps 75 per cent, for 30°. The second 
or main graph maximum corresponds to a pressure (second, •upper, or main 
optimal pressure) of 90 or 95 per cent, for every temperature. The inter- 
vening second or subordinate graph minimum corresponds to a pressure of 
75 per cent, with temperature of 15°, 20° and 25° and to a pressure of 90 
per cent, with 10 s and 30°. 

It is remarkable that, for every temperature tested, the first or main 
minimal oxygen pressure for shoot elongation is shown as coincident with 
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the corresponding first optimal pressure for CO* production. CO* produc- 
tion in the whole period was regularly more rapid with higher oxygen 
pressure up to the pressure that just allowed measurable shoot elongation, 
beyond which C0 2 production was notably lower with still higher oxygen 
pressures until the subordinate minimal region of the CO* graph is passed. 
Although a considerable rate of CO* production may be supposed to have 
been necessary for growth, yet the occurrence of growth may have retarded 
CO* production, as might be true if the two processes were competing for 
the same plastic materials. 

The highest oxygen pressure tested (98.3 per cent.) was supra-optimal 
for shoot elongation, as well as for CO, production, with every temperature 
employed. 

Effectiveness of temperature and oxygen pressure in determining 
CO. production and shoot elonoation. — The relative magnitudes of the 
temperature influence and the oxygen influence on the rate of CO* pro- 
duction and shoot elongation in the whole experiment period arc examined 
by means of coefficients of effectiveness for environmental differences. 
Within the range of temperature-oxygen combinations studied, the tempera- 
ture influence was much greater than the oxygen influence with respect to 
both processes, and both influences were more pronounced with respect to 
CO* production than with respect to shoot elongation. The two influences 
were generally synergistic when operating together; i.e., the effect of a tem- 
perature difference and a simultaneous oxygen-pressure difference was 
greater than the summation of the effects of the two differences considered 
separately. 

Cardinal temperatures for CO, production and shoot elongation 
compared. — The main cardinal values (minimum, maximum and optimum 
of temperature and of oxygen pressure) for CO* production and for shoot 
elongation in the whole experiment period, are studied and the two processes 
are compared with respect to these values. The minimal temperature for 
both processes was below 10° for every oxygen pressure for which data are 
available. The maximal temperature for CO„ production in the whole 
period is shown as above 30° for every oxygen pressure Tested, while for 
measurable shoot elongation it varied directly with the oxygen pressure; 
this maximum is shown as between 15° and 20° for an oxygen pressure of 
6.3 per cent., between 20° and 25° for a pressure of 16 per cent., somewhat 
above 30° for pressures of 20-98.3 per cent, and farthest above 30° for a 
pressure of 95 per cent. The optimal temperature for CO* production was 
actually above 30° for every oxygen pressure tested but for shoot elongation 
this optimum varied directly with the oxygen pressure in the lower portion 



64 


PLANT PHYSIOLOGY 


of the pressure range. It is shown as 10 e -15° for a pressure of 6.3 per 
cent., 15° for pressures of 9.8 and 16 per cent., 20° for pressures of 20 and 
30 per cent, and 25° for pressures of 50-98.3 per cent. 

Main cardinal oxygen pressures for C0 2 production and shoot 
elongation cohpared. — There is probably no such thing as a main minimal 
oxygen pressure for C0 2 production with any temperature, but for mea- 
surable shoot elongation in the experiment period the main minimal oxygen 
pressure is shown to have varied with temperature, being higher with higher 
temperature, as has been mentioned. The main maximal oxygen pressure 
for each temperature is shown as above 98.3 for both processes and attention 
is called to the consideration that an oxygen pressure higher than 100 per 
cent, would be impossible of attainment unless the total gas pressure were 
above 1 atmosphere. With respect to the main optimal oxygen pressures, 
as has been noted, the two processes differed very much. For C0 2 produc- 
tion this main oxygen pressure optimum was 90 per cent, with 10° and 30° 
and 95 per cent, with 15°, 20° and 25°, but it varied with temperature in 
quite another manner for shoot elongation. 

The optimal combination of temperature and oxygen pressure for C0 2 
production in the whole period is shown as the combination of 30° and 90 
per cent, while the corresponding optimal combination for shoot elongation 
is shown as the combination of 25° and 95 per eent. 

It is remarked that the highest rates of C0 2 production for the entire 
period and the corresponding total shoot elongation probably approximate 
the capacity of these seedlings for the given period. Thus, they had the 
capacity to develop shoots 12.2 mm. long by the end of the period if sub- 
jected to the optimal combination of temperature and oxygen pressure for 
this process, and they had the capacity to produce 232.6 mg. for 100 seed- 
lings by the end of the period if subjected to the optimal combination for 
C0 2 production. These are physiological characterizations of the seedlings 
used in this study. 

Cardinal temperatures and oxygen pressures for C0 2 production in 
the several intervals. — With regard to the cardinal values of temperature 
and oxygen pressure for C0 2 production in the several observation intervals, 
no minimal or maximal temperature is shown for any oxygen pressure in 
any interval For all intervals, as well as for the whole period, these critical 
values are shown as respectively below 10° and above 30 s for every oxygen 
pressure tested. As in the entire experiment period, no optimal tempera- 
ture is shown for any oxygen pressure in any interval, and this value is 
indicated as above 30° in all instances, but that temperature was surely 
supra-optimal for health. No main minimal oxygen pressure is shown for 
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any temperature in any interval but this value was surely below 0.6 per cent, 
in every case, which is also true of the whole period. As has been noted, it 
is probable that there is no such thing as a main minimal oxygen pressure 
io r CO* production with any temperature for seedlings such as these in any 
phase of their development. No main oxygen-pressure maximum for C0 2 
production is shown for any temperature in any interval, but this was 
clearly above 98.3 per cent, in every case, just as for the entire period. On 
the other hand, the main optimal oxygen pressure for C0 2 production 
varied not only with temperature (as shown for the whole period) but also 
to some extent with the developmental phase of the plantlets. This main 
pressure optimum is generally shown as 90 per cent, for the first three 
intervals, and 95 per cent, for the last two intervals for all temperatures 
tested. 

A fundamental PRINCIPI.E emphasized. — The results of this whole study 
illustrate the most fundamental consideration for all research on the natural 
determination of process rates ; namely, that the relation of any process to 
any influential condition or influence cannot be definitely stated without 
quantitative reference to the other prevailing influences. This is of course 
because of the inevitable concomitancy and interaction of all the influential 
conditions of the current environmental complex, including the time or 
duration factor. This general principle, which is basic for all physiological 
and ecological analysis, has been emphasized by Blackman (4) in the fol- 
lowing words: “The way of those who set out to evaluate exactly the effects 
of changes in a single factor upon a multi-conditioned metabolic process is 
hard, and especially so when this process is being pushed towards the upper 
limits of its activity.” 

Dkpartmfnt or Horticulture, 

Pennsylvania State College 
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RELATION OF INCREASED WATER CONTENT AND DECREASED 
AERATION TO ROOT DEVELOPMENT IN HYDROPHYTES 


J. E. Weaves and W. J. Himmel 
(with eleven figures) 

The dependence of root development of most plants upon aeration is 
clearly shown by water-logging the soil. In a few days, the usual cultivated 
plants turn yellow, show wilting, and may ultimately die. If the water is 
kept well aerated, plants may survive though submerged for weeks. Ex- 
clusion of oxygen from the roots of most plants interferes with the respira- 
tion of the protoplasm of their cells. This results in the death of the cells 
and consequently the roots fail to function as absorbers for the plant (22) . 

The importance of aeration in plant development has long been recog- 
nized by plant physiologists and a very large number of investigations have 
been made. In 1921, Clements (7) summarized nearly 700 such papers 
in his mongraph on “Aeration and Air-Content.” The long-continued 
work of Cannon has added much to an understanding of this subject and 
his “Physiological Features of Roots” (5) includes the most extensive re- 
cent contribution to this problem. The importance of aeration in the pro- 
duction of crops and the growth of forests has been emphasized by the 
extensive researches of Howard (lb), Howard and Howard (16, 17), and 
Hole (14) in India. A survey of the literature shows that, with rare ex- 
ceptions, there is general agreement that the aeration of the roots promotes 
a better growth of tops. Most of the experiments were carried on in water 
cultures, e.g., Hall, Brenculey and Underwood (12), Andrews and Beals 
(1), and Bergman (3), and some in soil, such as those of Hunter (19), 
Hole (14), Howard (15), and Knight (21). The response of the plant in 
most cases has been measured by the development of tops and little account 
has been taken, especially in soil cultures, of the organs directly affected by 
the increased aeration. The work of Balls (2), Hunter (19), Hole (14), 
and the Howards (16, 17) are among outstanding exceptions. Cannon (5) 
measured the effect of inadequate aeration on root elongation and not on 
the development of the root system as a whole. 

In devising a simple experiment for classes in plant physiology and 
ecology to illustrate the effect of aeration upon root and root-hair develop- 
ment, Typha loti folia was employed (24) . It was selected because it grows 
naturally under a wide range of conditions, from water-logged soil to one 
that has a sufficiently low water content to be well aerated. Differences in 
root response under conditions of poor and good aeration were so marked 
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that three other characteristic and widely distributed swamp and swamp- 
margin plants were also employed and an extensive study of their root be- 
havior begun. The use of large containers furnished an opportunity to 
determine the normal nature and extent of the underground parts, a pro- 
cedure which met with almost insurmountable difficulties where the plants 
grow naturally in soil covered with water. 

Procedure 

Rhizomes of Typha latifolia, Sdrpus validus, and Spartina michauxiana 
were dug in quantity on April 5, before new growth had begun. They were 
kept in a refrigerator for a period of 14 days before planting on April 19. 
Phragmttes communis was taken from a swamp at this time and imme- 
diately transplanted. Growth was just starting. 

Pour large galvanized iron containers, 30 cm. square in cross section, 
were used for each species. The following conditions of soil moisture and 
concomitant aeration were maintained: (1) saturated, no free air; (2) alter- 
nately saturated and drained, aeration poor; (3) optimum water content 
for land plants, aeration good; and (4) dry soil, aeration good. The depth 
of the containers necessary to accommodate maximum root growth was 
determined by preliminary experiments ; those for conditions 1 and 4 were 
60 cm. deep, the others 90 cm. A well screened, fertile, loam, potting soil 
was used. It was mixed with one-third of its volume of sand. This mix- 
ture had a hygroscopic coefficient of 10 per cent, and a water holding 
capacity (Hilgakd method) of about 53 per cent. 

In filling the saturated containers, the soil was thoroughly saturated and 
constantly stirred to permit the escape of air. After the soil had settled, 
an excess of water was added to the container so that a layer of clear water 
2.5 to 5 cm. deep stood constantly above the soil. Losses by evaporation 
were replaced every two or three days by adding tap water from a sprinkler. 
Six liters of water were daily poured on the gravel mulch of the drained 
soil. The water slowly sank through the soil mass and disappeared from 
the surface after 10 to 30 minutes. It slowly trickled through 2.5 cm. of 
coarse gravel placed on the bottom and out through an opening on the side. 
Here it was caught in a container and again used. This prevented loss 
of nutrients or other substances from the soil by leaching. Since there was 
some loss by evaporation, fresh tap water was added from time to time as 
needed. The third set of containers had soil of optimum water content 
(25 per cent, based on dry weight) which was lightly tamped in filling. 
The soil was covered with a fine gravel mulch, as was the case with all the 
containers except the first lot. Only enough water was added to replace 
that actually lost by transpiration and surface evaporation. The dry con- 
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tainers were three-fourths filled with a dry soil which had only 12 per cent, 
water content. This was but 2 per cent, in excess of the hygroscopic coeffi- 
cient. Above this was placed a 15-cm. layer of soil with a water content 
of 25 per cent. Only enough water was added to the upper soil to insure 
continued growth. 

Before planting, the rhizomes were carefully selected and cut in such a 
manner that they were quite uniform in size, number of sprouts, etc. All 
of the roots were cut close to the rhizome and seven rhizomes were planted 
at depths of 3.75 to 7.5 cm. (varying with the species) in each container. 



Fig. 1. Development of plants 17 days after transplanting the rhizomes. The sequence 
from left to right is dry, saturated, moist, and drained soil. 


All of the plants, except Phragmites, rapidly developed. The growth 
of the reed, although transplanted when still young, was somewhat checked 
compared with the development of plants in the swamp (fig. 1). For the 
sake of clarity each species will be separately considered. 

Results 

JTypha latifolia 

The development of the aboveground parts of Typha, at the end of the 
35 days they were permitted to grow, is shown in table I. 
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TABLE I 

Qbowth or Typha latifolia above wound with dutkbsnt moisture conditions 


CONDITION FOR GROWTH-* 

Saturates) 

soil 

Brained 

son# 

i 

Moist 

SOIL 

Dry 

son. 

Maximum height, cm. 

111.0 

106.0 

86.0 

66.0 

Average number of leaves 

8 .4 

. 8.1 1 

7.6 

7.0 ( 

Average height of leaves, cm 

46.8 

42.3 

33.0 

27.5 

Average width of leaves, mm 

13.0 

12.4 j 

9.5 

9.4 ' 

Total dry weight -of tops, grams 

16.2 

I 

19.9 i 

1 1 

12.2 

1 

7.2 


An examination of tlie table shows that in every way development de- 
creased with a decrease in water content. The dry weight is only an ap- 
parent exception, since in the wet culture only 5 plants grew, but there were 

7 in each of the others, except the dry soil where one plant died. Here, as 
among the other three species, the plants in the moist and dry soils had a 
darker green color throughout their period of growth, due probably, to the 
more favorable conditions for nitrification and nitrogen fixation. In the 
saturated and drained containers the roots were readily freed from adher- 
ing soil particles and their dry weight was obtained. The dry weight of 
tops and roots was in the ratio of 5.8 to 1 in the saturated soil and 5.6 to 1 
in the drained. 

Saturate® culture. — The root systems were examined on May 23-25 
when the plants were five weeks old. Those in the saturated soil were very 
shallow and consisted of two distinct parts, namely, soil roots and water 
roots. All originated from a basal node of the stem about 6 cm. below the 
soil surface and none from the old rhizome. The rhizomes shriveled upon 
the removal of accumulated food and in several cases they were decompos- 
ing, although the soil was not sour. The soil roots, 64 in number on one 
of the largest plants, pursued courses at all angles between the horizontal 
and the perpendicular in such a manner as to more or less thoroughly 
ramify a hemisphere of soil with a radius of 15 cm. Eleven of the long- 
est extended to 28 cm. depth. 

These shining white roots were 1.5 to 2 mm. in diameter and very turgid 
and brittle, especially the distal 10 cm. Branches were entirely absent on 
most of the roots or occurred only very rarely. On others, slightly brown- 
ish in color and probably older, thread-like laterals arose at the rate of 1 to 

8 per cm. (rarely 14 on the best branched parts). These were exceedingly 
variable in their distribution, frequently long portions of the roots being 
bare. Laterals were 1 to 5 cm. (maximum 10 cm.) long, and entirely un- 
branched but much more abundantly furnished with root hairs than the 
main roots where they were relatively sparse. 







WEAVER AND HIM MEL : ROOT DEVELOPMENT 


78 



Pig. 2. Typha laUfolta grown in soil covered with standing water, showing the sharp 
differentiation between soil and water roots. Photograph taken with 
root system under water in its natural position. 

Approximatel y half of the root system (66 roots by aetual count) con- 
sisted of water roots. These arose at a higher position on the node than 
most of the soil roots. While some ran obliquely upward, often at a 45° 
angle, many grew vertically and then turned at right angles after leaving 
the soil (fig. 2). Other roots ran horizontally about 8 em. and then grew 
abruptly upward. The portions in the soil were like those described, but 
upon entering the water they greatly decreased in diameter and branched 
profusely, the distal part becoming extremely attenuated (figs. 3 and 4). 
They began to appear only 5 days after the rhizomes were planted and their 
growth was rapid, some reaching a length of 10 em. in 3 days. By the ex- 
piration of 10-14 days all were greatly branched with laterals a centimeter 
or less in length. New roots continually appeared and branching increased 
throughout the period of growth. The older ones reached a maximum 
length of 30 cm. but many of them wei e only about one-half as long. When 
mature, they were branched to near the tips but there were no laterals of 
the second order. The very fine primary laterals, which occurred at the 
rate of 20 to 55 per cm., varied in length from 1.5 to 2.5 cm. and were en- 
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Fig. S. Water roots of Typha about two weeks after transplanting the rhizomes. 

tirely free from root hairs. These fine water roots and their very abundant 
branches enormously increased the absorbing surface in the aerated portion 
of the culture. Aside from frequent renewal of the water, an abundance 
of Ulothrix and Mougeotia increased the oxygen content. The former alga 
was so abundantly attached to the roots that it gave them a greenish hue. 

Drained culture. — The root system in the drained soil was much 
deeper seated although the roots were most abundant and most branched in 
the surface 9 cm., which was the best aerated. Here they formed a dense 



Fig. 4. Detail of water root of Typha . Note the attenuated tip and the profuse simple 

branching. 
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network. Boots were numerous to a depth of 30 cm. and some attained 
depths of 40 to 47 cm. (fig. 5). The general distribution of the roots was 
such as to occupy a more or less hemispherical mass of soiL They were 
rather clearly differentiated into three types as regards position, thickness, 
and degree of branching. 



Fig. 5. Typlia grown in drained soil. The finer, horizontal roots are near the soil 

surface. 

One lot consisted of coarse, unbranched or practically unbranched roots 
which, as a group, penetrated deepest. Their diameters were 1.5 to 2 nun. 
throughout. A second lot was composed of roots with smaller diameters 
(1-1.5 mm.), some of which penetrated as deeply, or at least nearly as 
deeply, as the former. These branched profusely, often forming networks 
of laterals at depths of 30-36 cm. where branches 10 cm. long were found. 
The branching habit was variable; on some, only the proximal portion was 
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branched, on others, the distal part. On still others the presence of branches 
and especially their density varied from place to place. The rate of branch- 
ing was 6 to 25 laterals per cm. The branches ranged in length from less 
than 1 cm. to a maximum of 10 cm., although most of them did not exceed 
3 cm. Nearly all of the primary laterals were simple ; a few were branched 
to the first order, the branches seldom exceeding 3 or 4 per lateral, and a 
centimeter in length. 


Fig. 6. Detail of one of the surface roots of Typha grown in drained soil. 



A third type of root arose from the highest portion of the node at the 
base of the stalks and thus above the oth4r roots. They thus originated at 
a depth of about 7 cm. and no portion of the root extended deeper than the 
point of origin. In fact, a few at first extended vertically upward but this 
tendency was not nearly so marked as in the case of water roots in the pre- 
vious culture. Brandies of these fine roots (which were 0.5 to 1 mm. thick) 
often occurred throughout, but in general they were most abundant and 
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longest on the distal one-third to one-half. Laterals were 7 to 10 per cm. 
on the more thinly branched parts and 12 to 20 on those most thickly 
branched. These thread-like roots were shining white, and the longest were 
more abundantly furnished with laterals than were any in the deeper soiL 
Secondary branches were few. The main root and all its branches were well 
supplied with root hairs. These roots differed from the water type by hav- 
ing longer, coarser, and more crinkly laterals with some sublaterals and an 
abundance of root hairs (fig. 6). The last was in striking contrast to the 
water roots, which had none. 

One of the larger plants had 56 of the deep, unbranched type, 33 of the 
deeply penetrating branched ones, and 43 of the fine, surface type which 
were most favorably situated as regards aeration. 

Moist culture. — The root system in the moist, well aerated soil showed 
no differentiation into parts ; all of the roots were 1 to 1.5 mm. in diameter 
and about equally branched. There were no roots in the surface 7 cm. of 
soil. Long horizontal ones ran outward, sometimes to distances of 30 cm., 
but never turned downward. Others ran outward and downward to depths 



Fig. 7. Relative blanching of roots of Typha; A, in saturated soil; B, in wet but drained 
soil ; and C, in moist, well aerated soil. 


of 40 to 53 cm. All, except the shortest, were regularly branched except the 
rapidly growing, shining white distal 8 cm., upon which laterals had not had 
time to develop. Branches occurred at the rate of about 8 per cm. and 
varied in length from 1 to 2.5 cm. Secondary branches were only 1 to 3 
mm. long and occurred sparsely and only on the longest primary branches 
(fig- 7). 

Dry culture. — The root system was very much like that in the moist 
soil but more abbreviated. Its extent was determined by the depth of the 
moist soil which varied from 16 cm. on one side of the container to 35 on the 
other. None occurred in the surface 9 cm. (fig. 8). The dwarfed plants 
had fewer roots (27 and 51 respectively on two of the largest plants) than 
in moist soil but they were much more densely branched, e.g. 10-35 laterals 
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per cm., the longer ones having branches of the second order. The branches 
extended quite to the root tips where, owing to dry soil, further elongation 
was impossible. Where the tips had died, the roots gave rise to several long 
branches. In diameter, the main roots more nearly approached those of the 
moist soil than the thick roots of the wet soil ( i.e they were mostly 1 mm. or 
less). They were more yellowish in color; root hairs were much more abun- 



Fio. 8. Boot system of Typha grown in dry soil. Short branches and root hairs aie 

extremely abundant. 

dant than in the drained soil, and, judging from the holding of the soil par- 
tides when excavated, more abundant also than in the moist culture. The 
root branches pursued markedly devious courses, in striking contrast to 
those in the wet and drained soils. One rhizome died without producing 
any growth, and another after some of its roots were only 10 cm. long. 
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R£suh£. — A survey of the preceding data shows that decreasing aera- 
tion on the one hand and decreasing water content on the other, has 
a marked effect upon root habit. In moist soil, the root system was uni- 
formly developed throughout, spreading downward and outward below the 
level of the rhizome to a depth of 40—53 cm. In dry soil a similar root habit 
was found, although the number of roots on the dwarfed plants was fewer 
and root-hair development was more profuse and occurred to the root ends, 
whose further elongation was limited by the dry soil. 

Where aeration was somewhat deficient in the alternately saturated and 
drained soil, the root system was somewhat shallower and differentiated into 
two distinct parts, one of these containing two types of roots. The surface 
root system consisted of a network of long, fine, profusely branched roots 
abundantly supplied with root hairs. This was confined to the surface 9-em. 
layer of soil which was best aerated. The deeper part comprised both 
coarse and fine main roots, the latter only being much branched. 

Where plants were grown in standing water, about half of the root sys- 
tem grew upward and developed into water roots. These were so fine and 
their primary branches so abundant that for their volume they presented a 
large absorbing surface for dissolved oxygen. They were destitute of root 
hairs. Similar root development has been observed in undrained marshes. 
The soil roots penetrated less deeply (30 cm.) than in the drained soil but 
were of the two types described for the latter. The chief differences were 
fewer, finer, and shorter branches that were more irregularly distributed, 
and a relative scarcity of root hairs. 

Screens vaudus 

Scirpus made a good growth even in the dry soil. Growth was again, 
with one exception, in direct proportion to water content as shown in 
table II. 

TABLE II 

Growth op Scirpns valid us above ground with different moisture conditions 


Condition for growth— > 

Saturated 1 
soil 

Drained 1 

SOIL | 

| 

Moist 

SOIL | 

| Dry 
soil 

Total number of stems 

1 47.0 

42.0 

25.0 

18.0 

Average height, cm. 

87.9 



49.6 

Average basal diameter, mm. 

8.1 

7.8 

5.2 

4.7 

Dry weight of tops, grams 

39.6 

42.4 ! 

18.8 1 

1 



The panicles of the aerated (drained) culture were more abundant and 
further developed than those in the saturated soil. This accounts for the 
greater height and also for the greater dry weight. No flowers had formed 
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in either of the other cultures, the tips of about one-third of the plants in 
each being dead. The ratio of dry weight of tops to roots was just the oppo- 
site of that of Typha, being 5.5 to 1 for the saturated soil and 7.4 to 1 in 
the drained soil. 

Saturated culture. — At the time of root excavation, on May 29, the 
water-logged soil of the wet container had a distinctly sour odor. About 



Fig. 9. Boot development of Bmrput vahdus in water-logged soil covered with 5 cm. 
of standing water. The general root depth is about 38 cm. 

half of the original rhizomes were still firm, the rest had decayed. The root 
system consisted of a glistening white mass of long fibrous roots that rather 
fully ramified the soiUiur. 9). All of these originated from the bases of 
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the new shoots or from new rhizomes and none from the old ones except 
from the part directly below the shoot. Boots were abundant to a depth of 
38 cm. and a maximum depth of 46 cm. was attained. As in the case of the 
cattails, the horizontal and obliquely ascending roots of the surface soil were 
much finer and very much more branched than the deeper ones. While 
most of these originated from the upper portions of the nodes, the roots were 
not sufficiently distinct to separate into groups as in the cattails. Although 
a few water roots 4 to 5 cm. long were formed, a week after transplanting, 
this portion of the root system failed to develop. The network of fine sur- 
face roots with extremely fine laterals occurring at the rate of 3-14 per cm., 
developed only in the surface 2 or 3 cm. of soil. The coarser, deeper roots, 
1 mm. or less in diameter, were usually sparingly branched for $ to $ of 
their length. The branches were simple and rarely exfeeded a cm. in 
length. The laterals varied from 1 to 9 per cm. and in general they de- 
creased with depth. While the main roots throughout the container were 
sparingly furnished with root hairs, most of the branches had none. 

Drained culture. — All of the rhizomes in the drained, unsoured soil 
remained firm and undecayed. As in the saturated soil, new rhizomes had 
made considerable growth, some a maximum of 7 cm. The root habit dif- 
fered from the preceding in the following respects: the surface portion was 
very poorly developed, the deeper roots pursued a less devious course, and 
the depth of penetration was greater (fig. 10). Although some roots ex- 
tended above their point of origin at the base of the shoot or rhizome, they 
were mostly short (10 cm. or less) and much less abundant than in the sat- 
urated soil. In fact, the surface 5 cm. of soil at a little distance from the 
base of the plant was only sparsely threaded with these fine roots. 

In the deeper soil, the general root mass extended to 50 cm., roots were 
numerous at 55 cm. and a maximum depth of 59 cm. was attained. The 
younger roots usually reached lengths of 15 to 20 cm. before brandling be- 
gan and they possessed few or no root hairs. The older roots were usually 
branched throughout their proximal half and not infrequently almost to 
their tips. The branches were more numerous on the older roots, the num- 
ber and length of branches being practically the same as that recorded for 
the saturated soil. 

Moist culture. — The root system in the moist soil was much deeper than 
under either of the preceding conditions. Roots were very numerous at 64 
cm. depth and a maximum depth of 71 cm. was attained. They originated 
only from the portion of the rhizome adjacent to the growing shoot, or from 
the base of the shoot. The soil below the level of the rhizomes was filled 
with a mass of roots, although they were not so abundant as in the drained 
soil. In general, their course was rather directly downward. Many main 
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roots in the upper soil were 10 cm. or less in length and the tips were dead. 
Short laterals, rarely exceeding 9 cm. in length, occurred regularly at the 
rate of 9-14 per cm. throughout the length of the main roots, except on the 
youngest 5-10 cm. of the root-ends. It appeared that the extremely abun* 



Fio. 10. Boot system of Scirptis in drained toil (depth about 55 cm ). The develop 
ment of a surface root system is much less marked than in figure 9. 

dant roots were functioning throughout their entire course. Both the main 
roots and their branches were thickly covered with long root hairs. Por- 
tions of all of the old rhizomes showed decay and some were completely 
rotted. . 
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Dry culture. — The root systems in the dry soil were very much abbre- 
viated as were also the tops. Hoots were not only shorter but also fewer 
per plant, although more abundant in proportion to tops than in the wet 
soil. Insufficient water was clearly the limiting faetor to growth since there 
was an abundant supply of food in the fairly well preserved rhizomes. As 
in the moist culture, there were many roots that extended horizontally or 
obliquely downward into the shallower soil but in no case were they found 
approaching the soil surface. The general direction of root growth was ver- 
tically downward or obliquely outward and then downward. The general 
level of root penetration was 30 cm., a few penetrating 10 cm. deeper. The 
older, deeper roots were profusely branched throughout but scarcely more 
so than in the moist container. Moreover, the branches were shorter, aver- 
aging only 3 mm. Since the main roots had ceased elongating, branches 
occurred to within 3 or 4 cm. of the tip. Although none of the primary 
laterals were rebranched, both they and the main roots were more densely 
clothed with root hairs than were those in the moist soil. Moreover, both 
branches and root hairs extended quite to the root tips, lienee, as shown 
in figure 11, the soil was held tenaciously. 

R£sum£. — A comparison of the root behavior under the different envi- 
ronments shows, as in Typha, that under conditions of poor aeration there 
is a development of a fine, much branched network of surface roots and a 
consequent decrease in depth of penetration. The bulrush seems to empha- 
size the surface absorbing system somewhat less than the cattail. No water 
root system was formed and the surface system was less extensive, being 
confined to the first 3 cm. of soil. Moreover, in the drained soil it was very 
poorly developed. Here the deeper roots were straighter and penetrated 
about 12 cm. farther. Under both conditions branching was sparse and root 
hair development poor. In both the well aerated moist and dry soils, the 
surface root system failed to develop. Roots were 14 cm. deeper in the 
moist soil than in the drained, branching was quite profuse, and root hairs 
were abundant throughout. Relative to size of tops, the dry soil had the 
most roots. Their limited extent was compensated in part by the profuse 
development of short branches to the tips and by the very marked develop- 
ment of root hairs. 

PHRAGMITES COMMT'NIS 

Phragmites made the poorest growth of all four species, a fact undoubt- 
edly due to its being transplanted after growth began. The tops decreased 
in average height from 101 cm. in the saturated soil to 8 cm. in the dry soil 
where very little growth occurred. Total leaf production ranged in the 
same sequence from 61 leaves to only 4, notwithstanding the fact that the 
dry culture had the largest number of stems. Leaf area ranged likewise 
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from 1,118 to 20 square cm., that of the drained soil exceeding the satur- 
ated. The dry weight of tops of the drained soil was also somewhat greater. 
The ratio of tops to roots was less in the drained than in the saturated soil 
Saturated culture. — When the container was opened for root study on 
June 3 it was found that the soil had a distinctly sour odor but none of the 
rhizomes were decayed. The root system was composed of two distinct 
parts, a very much branched surface system and a portion that would ulti- 
mately penetrate deeply. The roots of the latter generally originated from 



Fig. n. Main roets of Scvrpus grown in dry soil. Branches and Toot hairs occur 

to the root-tips. 

the base of the rhizome branches, those of the former on the higher nodes 
of the shoot. Because of the repeated branching of the rhizomes at differ- 
ent levels, horizontal roots often originated more deeply than those that 
penetrated more or less vertically. 

Some of the rqtyl^bf the surface system arose as deep as 14 cm. and the 
surface soil was oiled to its contact with the water with a mass of shining 
white rootlets. All were a mm. or less in thickness and none exceeded 28 
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cm. in length. While the younger ones often had unbranchod ends several 
centimeters long, the older ones were profusely branched nearly to their 
tips. The branches were so very numerous (30 to 85 per cm., although only 
0.5 to 10 cm. long and poorly rebranched) that the total surface for the 
absorption of water and oxygen was greatly increased. 

The deeper roots had twice the diameter of the shallow ones. They ex- 
tended to a depth of 21 cm. Only a few primary branches occurred and 
they were on the oldest part. Both main roots and branches of the entire 
root system were destitute of root hairs, except on a relatively small portion 
of the older ones. 

Drained culture. — The soil in this container was also sour but none of 
the rhizomes were decayed. With one exception, the depth of penetration 
was the same as before, but the following differences were plainly evident. 
The surface root system, although well developed, was not nearly so pro- 
nounced as in the saturated soil. Primary laterals on the entire root sys- 
tem were finer, longer, more numerous on the deeper parts, and more pro- 
fusely branched, but rarely to the second order. Root hairs were abundant 
throughout the soil mass on both the main roots and practically all of the 
branches. 

Moist culture. — The root system had made a poor growth in this con- 
tainer as had also the tops. Two rhizomes had died, one had not developed, 
and another had developed three short aerial shoots but no roots. The hori- 
zontal, surface root system consisted of wire-like, profusely branched roots, 
some occurring at a depth of 15 cm. That they were young was indicated 
not only by the absence of branches near the root-ends but also by the fact 
that approximately half of their laterals were simple. Moreover, they were 
not abundant. Of the few roots that penetrated downward, all but two were 
less than 16 cm. in length ; the longest extended 34 to 37 cm. Root hairs 
were abundant throughout. 

Dry culture. — The poor growth showed that even the surface soil in 
this eontainer was too dry for much development. Two rhizomes had de- 
cayed, three had developed short, erect stems but no roots, one had rooted 
and died. The others had from 3 to 6 roots each that varied from 1 to 20 
cm. in length, but they were mostly less than 10 cm. The two types of roots 
were in evidence but neither was as well developed as in the preceding con- 
tainer. 

R£sum£. — In the saturated soil, PhragmUcs developed a network of fine, 
extremely well branched roots which filled the surface 10 cm. to its contact 
with the water. The coarser, more or less vertically penetrating roots ex- 
tended to about twice this depth and branched but little. There were no 
root hairs except on a small portion of the oldest roots. In the better 
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aerated, drained soil the root habit differed only in a less pronounced devel- 
opment of the surface root system and in the fact that root hairs were abun- 
dant on practically all of the main roots and their branches. In well 
aerated, moist soil the surface root system was represented by only a few 
horizontal roots, some of those of the deeper portion reaching nearly twice 
the depth attained in the poorly aerated culture. Few roots grew in the 
dry soil. 

Sparttna michauxiana 

Spartina made a rapid growth, the plants in the saturated and drained 
cultures both reaching an average height of 75 cm., in comparison to 55 and 
35 respectively for the drier soils. Dry weight of tops again decreased 
directly in the sequence of decreasing water content of soil except that the 
moist soil produced slightly more dry matter than the drained. The top- 
root ratios of the saturated and drained soils were 8.2 to 1 and 5.6 to 1 
respectively. 

Saturated culture. — The root system was more or less differentiated 
into a shallower and a deeper portion. The former consisted of a large 
number of fine, profusely branched, horizontally placed roots, some 20 cm. 
in length, that ramified throughout the shallower soil extending to its sur- 
face. Many of these ended without turning downward. They were 
branched abundantly with long laterals but root hairs were very sparse. 

The deeper portion of the root system was chiefly composed of numerous 
coarse roots nearly 2 mm. thick that extended vertically downward or ran 
obliquely downward with little change in the direction of their course. 
Many ended at 28 cm. depth, a few extended 5 to 10 cm. deeper. Some of 
the shining white younger roots were only 10 cm. long, and entirely un- 
branched but sparsely clothed with root hairs. The last 10 cm. of the older 
roots was likewise frequently free from branches. Otherwise branching 
occurred at the rate of 9-16 laterals throughout. These varied in length 
from 1 to 10 cm. Boot hairs were sparse and found on only relatively few 
branches. Short secondary branches occurred only on the longer laterals. 
Another lot of the deeper roots was much finer and could not be distin- 
guished except by position from the fine surface roots. They were evi- 
dently older than those just described. All were abundantly clothed with 
fine laterals usually 0.5 to 3 cm. in length. Only the longer ones were re- 
branched and root hairs were sparse. Many new rhizomes had originated 
from the base of the clumps, but none exceeded 7 cm. in length. 

Drained culture. — The development of the rhizomes and general extent 
of the root system were very similar to those of the saturated soil, general 
root extent being only 5 cm. deeper. The surface portion of the root system 
was the same as in the previous culture but in neither were the roots densely 
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matted as in Typha and Scirpus. Not only was the rate of branching some- 
what increased but also the primary branches averaged twice as long and 
fairly extensive laterals occurred even on the shorter rootlets. The roots 
were branched more nearly to their tips. Moreover, root hairs were much 
more abundant than in the saturated soil. Thus, the effects of increased 
aeration were clearly apparent. * 

Moist culture. — Quite in contrast to the abbreviated root system of the 
wet soil, 90 per cent, of the roots extended to the bottom of the container, 
thus having a length of nearly 90 cm. Moreover, none were found in the 
surface soil, all penetrating vertically or obliquely downward. Many of the 
coarse, rapidly growing roots were 2 mm. thick and the distal 15-25 cm. were 
unbranclied. There was a decrease in thickness to approximately 0.5 mm. 
on older roots, and an increase in the degree of branching, long branches 
occurring close to the root-ends. Laterals occurred at the rate of 6-14 per 
cm. ; branches exceeding 10 cm. in length were not abundant and most were 
shorter. The longest laterals (20-30 cm.) were found in the last 20 cm. of 
soil. Secondary laterals were common and root hairs abundant throughout. 
Where the roots entered the coarse gravel at the bottom of the container, 
their diameter was doubled and the branches were much coarser. 

Dry culture. — The roots had penetrated quite beyond the 20 em. of 
moist soil and through the dry soil to the bottom of the container at 58 cm. 
In one case this was tine of 14 roots from a single rhizome. In many cases 
they extended 5-14 cm. along the bottom of the container and gave off great 
clusters of long branches very nearly to their tips. 

The roots were distinctly smaller in diameter than those in the wet soil, 
none exceeding a mm. and some were only $ as large. This was in striking 
contrast to the thick, rapidly growing roots of the moist soil. 

All of the numerous coarse roots ran either vertically or obliquely down- 
ward so that there were none in the surface 6 cm. of soil. Branching was 
very similar on all of the roots, being uniform and profuse throughout the 
soil mass. It was somewhat more profuse than in the moist culture, and 
many branches, especially near the root-ends, were longer. Branches oc- 
curred at the rate of 9 to 22 laterals per cm. on both main roots and primary 
laterals. The primary laterals usually extended out horizontally 2-4 cm., 
although many, especially near the root-ends, were longer. Branches of the 
third order were not infrequent, all of the smaller branches being very fine. 

R£sum1L — Spartina reached the same height in saturated and drained 
soils. Decrease in dry weight of tops accompanied decrease in water con- 
tent, except that in the moist soil dry weight was slightly greater than in 
the drained. 

The grass responded to poor aeration by the development of numerous 
fine, long, well branched horizontal roots extending to the soil surface. Tliis 
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part of the root system was less poorly developed than in either Typha or 
Scirpus. The deeper portion of the root system was only slightly more ex- 
tensive in the drained soil, hut here it was furnished with more and longer 
branches. Boot hairs were sparse in water-logged soil but more abundant 
in the drained. 

No surface aerating roots developed under good aeration in moist soil, 
but the others grew to almost three times the depth attained in the intermit- 
tently water-logged soil. Branches were more numerous and root hairs very 
abundant throughout. Roots and branches in the coarse, well aerated 
gravel, were of much greater diameter. In the drier culture the roots pene- 
trated soil of only 2 per cent, available water content, their extent being 
limited by the size of the container. Branching was most profuse here and 
the number of branch orders greatest. Root hairs were much more abundant 
also than in the moist soil. 


Discussion 

Of the four species investigated, three are characteristic of the reed- 
swamp stage of the hydrosere, all being very widely distributed. Scirpus 
grows in the deepest water, sometimes in excess of 6 feet, and Typha in shal- 
lower places. Phragmites usually occupies wet areas which are submerged 
at least for a part of the growing season, while Spartina represents a very 
late stage of the hydroserc and forms a transition between swamp plants and 
more mesophytic vegetation. Owing to changes in water level resulting 
from drought, flooding, and other causes, the above sequence is not absolute 
and relicts of cattails and bulrush often occur intermixed with the reed. 
In fact, the great extremes of water and air content endured by the plants, 
once they arc thoroughly established, are indeed remarkable. Spartina, in 
these experiments for example, flourished in water-logged soil and also, after 
growth was started, made a fair development in soil with only 2 per cent, 
available water content. 

These experiments show clearly that plants growing naturally in poorly 
drained and poorly aerated habitats are much less sensitive to the com- 
position or absence of a soil atmosphere than are those in naturally well 
drained soils. In water-logged soil the oxygen supply must be very low or 
practically nil. Oxygen diffuses slowly through water, so that the supply is 
not quickly replenished by diffusion alone. The addition of tap water 
through a sprinkler to that standing on the soil surface together with the 
photosynthetic activity of the algae considerably increase the supply of dis- 
solved oxygen. It has been demonstrated by several investigators that algae 
may bring about the supersaturation of lakes and streams as a result of 
photosynthesis, at the same time preventing the accumulation of large- 
amounts of carbon dioxide, in consequence of the same process (3, 13). 
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All four species showed a distinct aerotropic response by the development 
of a superficial root system with a very extensive absorbing area. Typha 
was the only species, however, that extended its roots into the water layer 
above the soil. This development of an aerating portion of the root system 
and its absence under conditions of good aeration is in accordance with the 
findings of Wilson (26). He observed that the number and size of “knees’' 
of the bald cypress (Taxodium distichum ) were determined by the height of 
the water and the duration of the flooding. Young roots often grew directly 
upward until they reached the surface when they again turned and de- 
veloped beneath the water. In dry soil the trees showed no trace of such 
development. Similar structures occur about the bases of trunks of Tupelo 
gum ( Nyssa aqualica) in swamps, the roots bending sharply upward to a 
distance of 6 to 8 inches above the surface of the water and then turning 
downward into it again. 

The production of adventitious roots which run horizontally above 
oxygen-free swamp soil, as in Alnui s, Fraxinus, and various other land spe- 
cies, is well known (cf . 8 ) . But less exact information is available on the 
root behavior of true hydrophytes, although upright roots have been de- 
veloped on Rumex and Nymphaea when these were planted too deeply (11). 

In considering root response to aeration it must be kept in mind that 
species vary widely, a substratum of water or water-logged soil may furnish 
sufficient oxygen for certain hydrophytes, while under similar conditions 
most plants would succumb. Cannon (4) has shown that the temperature 
relation is of great importance in problems of aeration, the species studied 
demanding better root aeration as the soil temperature became higher. 
Since these cultures, were grown under a moderate and rather uniform soil 
temperature (about 70° F.) the temperature factor need not be considered. 
Although there is some evidence that the rate of root respiration in hydro- 
phytes is lower than that of land plants (10), the capacity of marsh plants 
to grow in water-logged soil is undoubtedly due to their extensive develop- 
ment of aerenehyma in leaves, stems, and roots (28). The continuously 
open stomata in many of them (c.g., Typha and Scirpus) would facilitate 
rapid gaseous diffusion. The extent to which aerenehyma develops when 
the roots of grasses like Rpartina are continuously submerged remains to be 
determined, although a marked increase of intercellular spaces in roots of 
corn, etc., under such conditions has been clearly shown (20). The de- 
pendence of root-hair development of various plants upon the presence of 
oxygen has been pointed out by several investigators (8, 23). Although 
water roots are commonly without hairs, they may readily be produced on 
some plants in an aqueous medium provided that calcium is present ( 9 ). 
Root elongation in nearly all plants is likewise retarded by a deficient oxygen 
supply. 
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Summary 

Plants of great bulrush ( Scirpus vctiidus), cattail {Typha latifolia), 
reed ( Phragmites communis), and tall marsh grass ( Spartina michauxiana) 
were grown in large containers under four sets of conditions of aeration and 
water content, vis. ; water-logged soil, soil alternately saturated and drained, 
moist soil, and dry soil. 

Growth of tops in Typha, as measured by number and size of leaves and 
total dry weight, increased with increasing water content until a condition 
of saturation was reached. More and larger Scirpus grew in the saturated 
soil but because of earlier flower-stalk production in the drained soil, both 
height growth and dry weight of tops were greatest in that culture. Both 
Phragmites and Spartina grew about equally well in the water-logged and 
drained soils but like Typha and Scirpus they became progressively poorer 
as the soil became drier. 

The ratio of tops to roots (based on dry weight) was less in the drained 
than in the water-logged soil, except in Scirpus. 

Typha alone had roots that developed in water. These were of small 
diameter and possessed so many fine laterals that they presented a large sur- 
face for the absorption of dissolved oxygen. 

A response to poor aeration was shown in all four species by the develop- 
ment of a shallow root system of fine, much branched roots which presented 
a large surface area in proportion to volume. This did not develop in well 
aerated soil, except to a limited extent in Phragmites. 

Aside from this surface portion of the root system, the development of 
lateral roots increased with an increase in aeration. "Where dry soil hin- 
dered or prevented root elongation, branching occurred to the root tips. 

Boot depth increased with decreasing water content until the soil became 
too dry for root growth. 

Boot hairs were absent in water, few and irregularly distributed in 
saturated soil, but progressively more abundant as aeration became better 
with decreasing water content. 

Dhpahtment or Botany, 

University or Nebraska 
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A FURFURAL-YIELDING SUBSTANCE AS A SPLITTING 
PRODUCT OF PROTOPECTIN DURING THE 
RIPENING OF FRUITS 1 

C. M. Conrad 

Introduction 

While studying the Carr£ ( 4 ) procedure for the determination of pro- 
topectin, the writer observed that the filtrates from the calcium pectates 
contained a considerable quantity of a furfural-yielding substance. At 
about the same time Ehrlich’s (9) preliminary paper came to the writer’s 
attention. In this paper Ehrlich showed that the protopectin (he calls it 
“pectin”) of sugar beets and a considerable number of other vegetables 
and fruits is split by boiling water into two fractions — “a levo-rotatory 
araban,” and “a calcium-magnesium salt of pectic acid.” A mixture of 
the two, called “hydrato-pectin” is obtained by boiling the plant tissues, 
previously freed from sugars, with water and evaporating the extract to 
dryness on the water bath. The araban is then separated from the pectic 
substances by extraction with 70 per cent, alcohol. The work of Ehrlich 
( 11 ) on sugar beets has been confirmed, in general, by Smolenski ( 20 ) and 
his co-workers. 

The exact nature and significance of Ehrlich’s work seems not to be 
very well appreciated by other investigators in this field. For example, 
McKinnis ( 16 ) apparently fails to distinguish between the extraneous 
“araban,” soluble in 70 per cent, alcohol, and the arabinose contained within 
the pectin molecule ( 17 ). It is likewise not clear from Dorr’s ( 8 ) discus- 
sion that he distinguished between the two. Wickmann ( 21 ) found a 
furfural-forming complex in his pectic acid filtrates but ascribed it to dis- 
integration of pectin. In spite of Ehrlich’s work, Emmrtt ( 12 ) assumes 
that no alcohol-soluble substance forms from the insoluble cell wall material 
of pears during ripening. However, she is at a loss to explain a certain 
unidentified constituent in the juice which makes up 20 to 30 per cent, of 
the dry weight. 

It should be noted that Ehrlich uses a different nomenclature from 
that generally used, and from that proposed by the Committee ( 6 ) on 
Nomenclature of Pectic Substances. Thus his “pectin” corresponds to the 
protopectin of that committee report and his “calcium-magnesium salt of 
pectic acid” to the pectin. This unfortunate difference in terminology is, 
no doubt, largely responsible for the present confusion and the failure to 
draw correct deductions from Ehrlich’s work. 

i Approved for publication by the Director of the Experiment Station. 
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By boiling the tissue with water, Ehblich brought about a splitting of 
beet and flax protopectin into pectin and a polysaccharide. Allowing for 
the different nomenclature he assumed the following reaction : 

protopectin + H 2 0 > pectin -f- polysaccharide 

The polysaccharide was composed of pentose only (sugar beet) or of pentose 
and hexose (flax stems, 10). Since pectin increases naturally (2) during 
the ripening of many fruits, it was the purpose of this investigation to 
determine whether a pentose-bearing polysaccharide is liberated at the same 
time. A reaction taking place according to the above equation should show 
a definite relation between the amounts of pectin and polysaccharides for 
all stages of ripeness. Then by determining the furfural yield and noting 
whether or not the ratio of furfural to pectin is a constant it should be 
possible to test the correctness of the equation. 

Preliminary experiments showed that the alcoholic extracts from ripe 
apples, bananas, and pears contained a considerable quantity of a furfural- 
yielding substance. A sample of Stayman apples contained substances 
soluble in 70 per cent, alcohol which yielded 0.67 per cent, of furfural based 
on dry weight. After acid splitting of the protopectin and extraction with 
70 per cent, alcohol the same sample gave 0.57 per cent, additional furfural. 
When these values are calculated as pentose, they are equivalent to approxi- 
mately one half the amount of the pectic substance. As neither unripe 
apples nor pears were available when the work was undertaken they were 
not studied in the present series. The first report deals with the occurrence 
of this alcohol-soluble furfural-yielding substance, and its relation to the 
pectic substances in several fruits during ripening. A later report will deal 
with the nature of the furfural-yielding substance. 

Description of experimental material 

The fruits studied were bananas, peaches, strawberries, and dewberries. 
They were either picked in different stages of ripeness, or taken at an unripe 
stage and allowed to ripen in a controlled temperature chamber at 30° (1. 
This temperature had been found by previous work to bring about rapid 
pectic changes. The 'stage of ripeness was selected on the basis of color 
and softness. 

Bananas 

Forty medium sized fruits were carefully cut from a bunch of green 
bananas and assorted into four lots of equal number and approximate 
weight. Lot I was sampled at once according to methods to be described. 
In this lot the fruits were so green that the skins could not be stripped off. 
The remaining, lots were placed in the constant temperature chamber at 
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30° C. Lot II was removed after 2 days. The skins had yellowed consid- 
erably but the fruit was not ripe enough for eating. Lot III was removed 
after 7 days. The aroma was very noticeable and the condition excellent 
for the table. Lot IV was removed after 11 days. The skins had become 
dark and the fruits were in an overripe condition for the table. 

Peaches 

Early Georgia peaches, still firm to the touch, were obtained on the 
market. Four uniform lots of eight fruits each were selected. Lot I was 
sampled at once. The remaining lots were stored at 30° C. Lot II was 
removed after 39 hours. The flesh of the fruit was perceptibly softer than 
that of lot I. Lot III was removed after 46 hours. The flesh had become 
quite soft. Lot IV was removed after 72 hours. The skins were yellow, 
the flesh was very soft, and a marked aroma was present. 

Strawberries 

The variety Klondike, grown on the Experiment Station farm, was used 
for this experiment. Berries in three stages of ripeness were picked at the 
same time and a lot selected from each. Lot I contained fruits turning white 
just before coloring. The berries of lot II had colored over about half the 
surface. Lots ITT and IV were at the same stage and full ripe. Lot IV 
differed from lot III only in being stored for 47 hours at 30° C. During 
this period the berries had increased in color, withered considerably, and 
lost about 34 per cent, of their weight. 

Dewberries 

The berries in this case grew wild a short distance from the Station farm. 
Two lots were picked at the same time. In lot I the berries were just 
beginning to turn and were still hard to the touch. The berries of lot II 
were full ripe and soft. 

Preparation and storage of the samples 

Since the furfural-yielding substance was to be separated with 70 per 
cent, alcohol, and since this concentration is excellent for preservation, it 
was found convenient to use this medium for the storage of the samples. In 
case the fruit was ripened artificially the loss of weight during this process 
was determined. The weights of the pits in the peaches were noted and the 
loss of weight of this fruit was calculated as loss in the flesh only. The 
fruits were cleaned, pulped by means of a Nixtamal mill, and 100-gram 
samples of the pulp weighed out into 500-cc. Erlenmeyer flasks. The 
samples were covered with the calculated amount of 95 per cent, alcohol to 
give a final concentration of 70 per cent, by volume. At the same tin>e 
moisture samples were taken to permit calculation to dry weight/ 
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Separation and treatment of the different fractions 

First, the furfural-yielding substance, soluble in 70 per cent, alcohol, 
was separated from the pectic substances by exhaustive extraction of the 
pulp. The storage alcohol was removed through a hardened paper on a 
Buchner funnel. The drained pulp was then washed with 200 cc. of 70 
per cent, alcohol, added in successive 50-cc. portions. The pulp was drained 
by sucking as dry as possible before the addition of each new portion of 
alcohol. It was next transferred to a shaking bottle with 200 cc. of 70 per 
cent, alcohol and shaken for 30 minutes. This alcohol was drained off and 
the pulp again washed with 200 cc. of 70 per cent, alcohol, added in portions. 
The pulp, thus treated, contained no more furfural-yielding substance 
soluble in 70 per cent, alcohol until subsequently treated to decompose the 
protopectin. It was washed with two portions each of 95 per cent, alcohol 
and ether and dried at 30° C. 

The free pectin, which was insoluble in 70 per cent, alcohol, was now 
extracted. The dried residues were first shaken an hour with 500 cc. of 
0.2 per cent, ammonium citrate solution at laboratory temperature. The 
purpose of the ammonium citrate was to dissolve any pectic acid which 
might have been formed from the pectin by pectase activity. A previous 
experiment showed that shaking for 30 minutes brings about complete 
solution but it was continued for an hour to make certain. The extract 
was filtered off through soft fluted paper and an aliquot portion used for the 
pectin determination. The pulp was now further washed to remove the last 
traces of pectin. This was accomplished by washing back into the shaking 
bottles with 500 cc. of water or 0.2 per cent, ammonium citrate solution, in 
case any pectic acid was present, and shaking 30 minutes. The extract was 
filtered off and discarded. This process was repeated 5 to 7 times although 
not more than traces of pectin were ever found after the third washing. 
Finally the pulp was dried as previously described with 95 per cent, alcohol 
and ether. 

There remained in the dried residues only substances insoluble in 70 
per cent, alcohol and water, — among others, protopectin. The protopectin 
was decomposed by covering the residues with 100 cc. of thirtieth normal 
hydrochloric acid (in one case 150 cc.) and heating at boiling temperature 
under a reflux condenser for an hour. The mixture was diluted with suffi- 
cient 95 per cent, alcohol to give a final concentration of 70 per cent. The 
acid was then neutralized with the calculated quantity of standard sodium 
hydroxide solution. The polysaccharide and the liberated pectin were 
again extracted with 70 per cent, alcohol and then water exactly as described 
for the soluble fraction. The residues were finally dried and preserved. 



CONRAD : PBOTOPBCTIN DURING RIPENING OP PBUITS 


97 


Chemical methods 

Moisture . — The samples, consisting of 3 to 5 grams of wet pulp, were 
dried to constant weight at 80° C. in a vacuum oven at approximately 
2.5 cm. of mercury. 

Determination of furfural from the alcoholic extracts . — The combined 
70 per cent, alcoholic extracts and washings, amounting to something over a 
liter, were evaporated in a porcelain dish on the water bath to 30-40 cc. 
At this point any appreciable amount of sugar in the liquid was removed 
by fermentation. This was found to be necessary because of the production 
of hydroxy-methyl-furfural (7) on distillation of hexose sugars with 12 
per cent, hydrochloric acid. The presence of this furfural derivative causes 
the development of a dirty green color in the FijEury and Poirot (13) 
method instead of the pure blue due to furfural. The sugars were fer- 
mented away with washed baker’s yeast, observing the precautions sug- 
gested by Abbott (1). The alcoholic extracts obtained in connection with 
the protopectin contained inappreciable amounts of sugars and were not 
submitted to fermentation. 

The evaporated extracts, freed from more than traces of sugar, and 
separated from the yeast by filtration were transferred to a 750 cc. dis- 
tilling flask. This was done by washing with sufficient concentrated hydro- 
chloric acid and water to make 200 cc. of 12 per cent, hydrochloric acid 
solution. The mixture was then steam distilled and the furfural collected 
according to the procedure of Pervier and Qortner (18). Distillation 
was continued until ten drops of the distillate gave a negligible color with 
aniline acetate in acetic acid solution. 

Because of the small amount of furfural in most of the distillates the 
usual method of determining the furfural by precipitation with phloro- 
glucinol is unsatisfactory. Neither is the electrometric titration method of 
Pervier and Qortner (18) sufficiently sensitive. The bisulphate method 
of Joldes (14) was tried but known amounts of furfural could not be recov- 
ered, quantitatively. The colorimetric method of Schaffer (19) was not 
very sensitive. The colorimetric method of Youngburg and Pucher (22) 
proved extremely sensitive and does not give any color with hydroxy-methyl- 
furfural, but due to instability of the color with these distillates cheeks 
could not be obtained. Finally the colorimetric method of Fleury and 
Poirot (13) was selected because of its high sensitivity and satisfactory 
stability of color. In this method the colors obtained from the distillate 
are compared with those of standards prepared from pure furfural redis- 
tilled at low pressure. The following reagents are used : 


Reagent A 

Acetic acid (pure) 1000 cc. 

Oreine 0.625 gm. 
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Reagent B 

Hydrochloric acid (sp. gr. 1.19) 1000 cc. 

Ferric chloride 0.06 gm. 

Standard furfural solution 

Furfural, pure 1.0 gm. 

Acetic acid 10.0 cc. 

Water, to make 1000.0 cc. 


The standard furfural solution contains 1 mg. of furfural per cubic 
centimeter. The solution has been found to maintain its strength over 
several months. More dilute standards are prepared by diluting this solu- 
tion with 1 per cent, acetic acid solution. The concentration of furfural 
was checked by the standard phloroglucinol method. 

The procedure for the Fleuby and Poirot method is as follows : Place 
1 cc. (quantitative pipette) of the “unknown” furfural solution in a test 
tube. Immediately add 4 cc. of reagent A. In a second test tube place 1 cc. 
of the appropriate standard solution and add 4 cc. of reagent A to this, 
also. Next add to the tubes at one minute intervals, 5 cc. of reagent B. 
Plunge the tubes into a boiling water bath containing a “false bottom” and 
leave exactly one minute. Remove the tubes and allow to stand 30 minutes, 
when the color will have reached its maximum. The color remains at a 
maximum for at least 30 to 40 minutes more after which it may fade slowly. 
The manipulations of the colorimeter suggested by MoCraokan, Passa- 
maneck, and Harman (15) were found to simplify calculations materially. 

In using the Fleury and Poirot method several precautions should be 
observed. The colors themselves cannot be diluted, so the “unknown” and 
standard colors should match within 20 per cent. If, on comparison, this 
limit is found to be exceeded a new colorimetric determination must be 
carried out with standard or “unknown” furfural solution diluted accord- 
ingly. Also reagent A should be made of a good grade of chemicals. The 
acetic acid must be free from furfural. This reagent should remain clear 
for a number of days. A dark solution, or one that turns dark quickly, 
will not give accurate color comparisons. 

Pectin and pectic acid . — In bananas, this fraction was present entirely 
as pectic acid. In no$e of the other fruits was any pectic acid found. The 
pectic acid is assumed to have arisen from pectin through pectase activity. 
As stated above, the dried residues, after the first alcoholic extraction, were 
ground and shaken an hour with 0.2 per cent, ammonium citrate solution. 
After filtration, aliquots of the filtrate were taken for a determination of 
pectin by the Cabr£-Haynes (5) method. Impurities in the calcium peo- 
tates were evaluated by the method described by Appleman and Conrad (3) . 

Protopectin . — After complete removal of the soluble fraction with alcohol 
and water, as described in a previous section, the dried residues were boiled 
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an hour with thirtieth normal hydrochloric acid. This converted the proto- 
pectin into pectin and liberated more of the alcohol-soluble furfural-yielding 
substance. After separation of the furfural-yielding substance the residue 
was extracted with 0.2 per cent, ammonium citrate solution, or water, and 
the pectin determined as calcium pectate. 

Experimental results 

The results of the different experiments are brought together in table I. 

As was to be expected, pectin increases and protopectin decreases during 
ripening. While the sum of the pectin and protopectin fractions is not en- 
tirely constant for the different stages of ripeness it nevertheless approaches 
a constant value and the discrepancy is possibly within the limit of the 
experimental error. Concurrently with the increase in pectin, there is an 
increase in polysaccharide as represented by furfural yield. The ratio of 
furfural to calcium pectate (column six) shows that the increase in poly- 
saccharide is practically proportional to the increase in pectin, although this 
ratio seems to vary with the different fruits. In the protopectin fraction as 
protopectin decreases the polysaccharide decreases. Here, however, the 
ratio of furfural to calcium pectate is higher and fluctuates more, especially 
with bananas. A partial explanation for the higher ratios and greater 
fluctuation will be discussed in a later paragraph. The totals of calcium 
pectate and of furfural show a tendency either to increase or decrease pro- 
gressively during ripening. This same tendency is shown by the ratios of 
the totals. However, the ratios here are more nearly the same for the dif- 
ferent fruits. 

Discussion of results 

Inspection of the ratios of furfural to the pectic substances reveals a 
rather close relationship. Thus during the ripening of the different fruits, 
pectin and polysaccharide exist free in the sap in an approximately fixed 
proportion. However, this ratio varies from one fruit to another. It is 
possible that the protopeetin itself may differ slightly in the different fruits, 
either in containing a greater proportion of polysaccharide or in containing 
a polysaccharide with a greater number of pentose units. The ratios in the 
protopectin fraction are, in general, higher. In bananas the ratio fluctuates 
greatly. However, the banana was the only fruit to show strong pectase 
activity and it is quite possible that peetinase existed here also and destroyed 
part of the pectin so that it was not determined. The high ratios of lots III 
and IV are undoubtedly due to low pectin figures and not to large amounts 
of polysaccharide. 

A factor that makes all the ratios in the protopectin fraction higher than 
those of the soluble fraction is the destruction of pectin that accompanies 1 



TABLE I 

Analysis or fruits based on obioinal fresh weight 



DEWBERRIES ' 

79.93 0.016 0.149 0.11 0.108 0.860 0.12 0.124 1.009 

84.04 0.021 0.506 0.04 0.053 0.195 0.27 . 0.075 0.701 
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boiling with dilute acid during hydrolysis of the protopectin. Certain ex- 
periments (unpublished data) have shown that 17 per cent, or more of the 
pectin may be destroyed during this period. Were such a correction ap- 
plied, it would lower the ratios considerably, a number of them to approxi- 
mately the same value as those from the soluble fraction. 

Another factor which would no doubt affect the ratios is the variable 
amount of polysaccharide. In actual experiment using steam distillation it 
was found that pure arabinose gave 72 to 84 per cent, of the theoretical 
yield of furfural, depending principally on the amount of arabinose used. 
Since the polysaccharide must contain pentose this variable is most likely 
present. 

Leaving the ratios of furfural to pectic substances, we may approach the 
problem from another angle. If the formation of pectin from protopectin 
is truly a hydrolytic process, and if the products do not undergo further 
decomposition, then the sum of pectin and protopectin all calculated as cal- 
cium pectate should be a constant for all stages of ripeness. In a like man- 
ner, the sums of furfural yields from the soluble and protopectin fraction 
should be the same for each stage of ripeness. Of course, this would only 
be apparent providing changes in the weight of the fruit during storage 
were ascertained and corrected for. Since this was done for bananas and 
peaches, it is possible in these cases to obtain a check upon this relation. 
Attention has already been called to the fact that these totals are not en- 
tirely constant. While for the pectic constituents there is less variation in 
peaches than in bananas, nevertheless, in both there is a progressive increase 
through the first three lots, followed by a decrease in the fourth. While the 
total furfural increases progressively in bananas it first increases and then 
decreases in peaches. A correction for loss of pectin during hydrolysis of 
protopectin nearly eliminates the fluctuation in the pectin totals for peaches 
but only partially for bananas. It may be that artificial hydrolysis of 
banana protopectin results in greater destruction of pectin than was found 
in other tissues. Of course these corrections would not account for the pro- 
gressive changes in the total furfural. It is thus evident that during ripen- 
ing, either metabolic changes or decompositions occur which obscure a 
mathematical verification, or the reaction is not strictly hydrolytic. 

Summary and conclusions 

It has previously been shown, and is here again substantiated, that dur- 
ing the ripening of fruits pectin increases at the expense of protopectin. It 
is now shown that concurrently with the development of soluble pectin there 
is liberated an unidentified furfural-yielding substance, soluble in 70 per 
cent, alcohol, which increases progressively with the pectin. It is also shown 
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that when protopectin is decomposed by boiling with dilute acid, more of the 
furfural-yielding substance is liberated. It is found in decreasing amounts 
as the amount of protopectin in the fruit is decreased during ripening. Al- 
though the ratios of furfural to the different pectic fractions are not entirely 
constant, the results seem to indicate that this furfural-yielding substance 
is a component part of protopectin, and is liberated by the splitting of pro- 
topectin during the natural ripening process. There is some evidence that 
certain metabolic changes take place in the pectic constituents themselves, 
during this period. 

Labobatoby or Plant Physiology, 

University or Maryland. 
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EXPERIMENTS WITH TRIANEA ON ANTAGONISM AND 

ABSORPTION 

John R. Skeen 

These experiments were undertaken in order to check by a different 
technique observations previously reported (27) in which seedlings of 
Phaseolus sp. and Lupinus alius were used. The following phenomena were 
observed: (1) that small concentrations of the Fe ion increased the growth 
rate of seedlings; (2) that the presence of the Ca ion inhibited, if it did 
not eliminate, the killing effect of certain otherwise lethal concentrations 
of Fe; and (3) that relatively high temperature (approximately 29° C.) 
increased the degree of permeability of the roots even though great amounts 
of Ca were present. The data to be presented here confirm the foregoing 
observations and present evidence indicating that Ca decreases the degree 
of permeability of cells to a marked extent. 

General Considerations 

All other plant requirements being normal, it is the opinion of the writer 
that the distribution of plants is a function of the Ca supply and of toxic 
substances, for the most part Fe and Al. That is to say, given a soil that 
can support a vegetation, the type that dominates or survives will be deter- 
mined by the Ca, Fe and Al content of the soil colloids or soil solution. 
The pll of the soil or soil extract is believed to be a negligible factor (26) 
although it is a significant criterion of the concentration of ions to be ex- 
pected on analysis of soil water (1, 6, 13). From a turning point at pH 
5.0, Fe and Al are increasingly present in the soil extract, the concentration 
varying with the phosphate content as well as the pH of the soil solution 
(1,6,13,14,25). That some plants cannot survive a greater concentration 
than approximately 1.0 ppm. of Al or Fe has been shown in a recent paper 
(27). 

It remains to consider why some plants require a relatively high Ca con- 
tent in the growth medium while others are indifferent to the concentration 
of this ion ; why some plants are so sensitive to the presence of Al and Fe, 
and why others are comparatively resistant. There are many observations 
bearing on these points. 

NXgeli (16) observed that when the calciphile AchiUea airaia and the 
calciphobe A. moschata occur in the same valley, each is confined to its own 
soil type ; but if either occurs in the absence of the other, it is non-discrimi- 
nating. It is the opinion of Schimper (24, see 22 and 23 for extensive 
references) that the failure of plants on chalk is due to the difficulty in 
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absorbing sufficient Fe, and that such failures may be obviated by water- 
ing with an iron solution. Kkbneb (9) has compiled a long list of con- 
trasting plant species. Among them are Rhododendron hirsutum and 
R. ferrugineum, Androsace pubesccns and A. glacialis, Juncus hostii and 
J. trifidus. The former of each contrasted plant pair is the calciphile, 
which, in order to survive, must have a soil which is relatively high in Ca. 
The latter of each contrasted plant pair is the calciphobe. Such plants 
either grow very slowly in a calcium rich soil or are indifferent to the pres- 
ence of Ca. Paul (19), in working with various Sphagnum species, found 
that those indigenous to high moors, where the salt supply is low, are nor- 
mally much less resistant to Ca than those growing on the low moors where 
the minerals are more abundant. Less than 90 ppm. of lime were sufficient 
to cause death to the high moor Sphagnum, while over 200 ppm. were needed 
to kill the low moor species. The observations of Skene (28) are of interest 
on this point — Castanea can grow on a chalky soil when supplied with ab- 
normally large amounts of K, indicating that the chalk acts by interfering 
with the supply of other salts through the roots. He is of the opinion that 
“mineral solutions are generally physiologically harmless, but may be eco- 
logically harmful.” Loeb (11) records that OaCl_> inhibits the twitching 
of muscles or nerves caused by Na 2 S0 4 , sodium citrate, or N(C 2 H,) 4 C1, 
which may be due to the prevention of diffusion through the membrane or 
to the action of Ca on protoplasm. Evidence points to the former view. 
In a later paper (10), he states that the diffusion of KC1 through a mem- 
brane is due to a change in the external part of the membrane produced 
by the presence of other salts. Finally in a recent paper by Harden- 
bueg (6) the statement is made that “the increased applications of lime to 
lettuce reduced the growth of both tops and roots, decreased the total ash 
content and the absorption of Al, Fe, and Ca to a moderate extent.” 

Other citations are at hand but there is little to be gained by repetition. 
A great body of observation and data indicates most strongly that Ca de- 
creases the degree of permeability of the plasma membrane with respect to 
substances entering the cell. Some plants find this essential (calciphiles) 
while others starve slowly or rapidly under the same conditions (calci- 
phobes). This paper attempts to demonstrate the truth of Loeb’s observa- 
tion “that the external part of the membrane only is affected.” 

The various degrees of sensitivity of plants to Fe and Al seem to be 
coincident with their comparative indifference to Ca. This is largely con- 
jectural as there are few data on the subject. From the preceding state- 
ments, the proof would necessitate the demonstration of variability in the 
plasma membranes (or, more conservatively, the protoplasm) of the plants 
considered. Hansteen-Cranneb ’s work (4) is most suggestive. He con- 
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eludes that there are water-soluble and water-insoluble lipoids making up 
the plasma membrane. Should this be the case, it would follow that those 
plants having small quantities of water-insoluble lipoids would require large 
amounts of (Ja to maintain a water-in-oil emulsion at the free surface. A 
possible mechanism is explained by Clowes (3). Contributions on the tem- 
perature relationships to the viscosity of protoplasm and to the permeability 
of the cell agree with this opinion (4, 7, 12, 18, 27). 

The writer inclines toward this view but suggests a second, simultane- 
ously operative. Even though the plasma membranes of root hairs and 
epidermal parenchyma cells are permeable, however slowly, to Fe and A1 
(as well as other cations, both toxic and relatively harmless), the cells of 
certain plants are not affected. This apparent indifference may be due to 
the precipitation within the cell of the Fe and A1 ions as insoluble complex 
salts or esters, by ions already present within the cell and harmless to the 
cell in the quantities present. Two such kinds of compounds are probable, 
tannins and oxalates. The presence of the former in cells in significant 
quantities has been known for decades. Monscn (15) has ascertained the 
presence or absence of oxalates in 246 plant species. 

This paper shows that the presence of tannin, sodium oxalate and 
haematoxylin in the root hairs of Trianea eliminates the toxic action of Fe 
for a considerable period even though Fe enters the cell constantly. 

Methods 

Immersion 

The root hairs of Trianea bogatensis were the material used. Under ideal 
conditions, the protoplasm of the root hairs streams for hours when the 
roots are immersed in distilled water. The rate is constant for any reason- 
able time interval taken. A root from a healthy plant was cut and im- 
mersed and irrigated with distilled water. The cyclotic rate was measured 
by means of a stop watch and a graduated micrometer eyepiece. The pro- 
toplasm is normally very mobile and liquid in appearance and its viscosity 
appears to be low. There are particles present which either are suspended 
in the protoplasmic streams or which make up the living material itself. 
These are easily designated and observed and they vary in size from about 
2-6 micra in diameter. Sometimes, indeed, they arc much larger, in which 
case they constitute a specific gel. The rate of movement is independent 
of size. 

Many streams of protoplasm can be observed in simultaneous motion. 
Generally one main stream moves from the tip to the base of the hair while 
a stream on either side of the hair progresses in the opposite direction. 
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From time to time, new currents appear at the expense of those already 
present. It is most convenient to measure the time necessary for a given 
particle to travel 50 micra. From 8-12 careful measurements can be made 
in a five-minute interval. When induding all moving streams, this gives 
a fair cyclotic average. The results obtained for any five-minute interval 
constitute the average speed for that interval and are so reported. 

Determinations on the rate of cyclosis of the protoplasm of a hair in 
distilled water have been made over a period of three hours. For any given 
five-minute interval, the cyclotic rate has varied less than 10 per cent, in 
carefully grown and selected material. This being the case, it was con- 
sidered important to take only sufficient determinations to obtain a reason- 
able estimate of the cyclotic rate of the chosen hair in distilled water. This 
rate is the basis of comparison for subsequent experiments using the same 
hair. The time interval chosen was 20 minutes. Many such experiments 
were made simply as checks after an experiment of long duration was 
completed. 

After the rate of cyclosis of a given hair had been determined in distilled 
water, the same hair was irrigated with a solution of 10 ppm. of Fe (as the 
nitrate) and 20 ppm. of Ca (as the chloride). Hairs irrigated with this 
solution have been observed for two hours on several occasions. The rate 
of cyclosis does not vary significantly and remains practically the same as 
that recorded for distilled water. Therefore, it was thought necessary in 
check experiments to make observations only over a time interval permit- 
ting a reasonable estimate of the rate of streaming. For check experiments, 
20 minutes again was chosen. 

The same root was then irrigated with a solution of ferric nitrate con- 
taining Fe at the rate of 10 ppm. The rate of cyclosis was determined for 
five-minute intervals until the death of the observed hair. 

Injection 

The micro-manipulation method and micro-injection have been described 
by Chambers ( 2 ) and P&terfi ( 20 ). The Chambers micro-dissection ap- 
paratus was used in thjs work. With micro-pipettes with external measure- 
ments of 3 or 4 micra, water, calcium chloride (20 ppm. of Ca), ferric 
nitrate, haematoxylin, tannin, and sodium oxalate Were injected into the 
base of the root hairs. 

Only pipettes which penetrate the cell wall with the greatest ease should 
be used. Otherwise mechanical injury to the hair becomes a most impor- 
tant factor. A good injection, so far as the writer can determine, offers 
no significant meojbjuucal injury as judged by the rate of streaming of the 
protoplasm and. its general appearance. This point was determined in the 
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following way : Five different hairs were pierced but not injected at inter- 
vals of five minutes. The rate of streaming was determined for each hair 
before it was pierced, then for five minutes after piercing and finally a half 
hour after piercing. All continued normal over the intervals mentioned. 
In one hair, however, cyelosis ceased for two minutes after puncturing; in 
three hairs for 30 seconds; and in the fifth hair no period of suppression 
was observed. Distilled water has no lasting effect on the eyclotie rate or 
on the health of the cells when it is injected. 

It is believed, therefore, that any results observed after injecting a sub- 
stance into the hairs are due to the reaction of that substance on the cyto- 
plasm of the hairs and to nothing else. 

The solutions of the salts of Fe, Ca, and Ca + Fe were injected into two 
or more hairs on a single root and the root then irrigated with distilled 
water while the observations were made. The numerous uninjected hairs 
on the same root served as a very excellent multiple check to observed 
reactions. 

When solutions of haematoxylin, tannin, and sodium oxalate were in- 
jected while the root was suspended in a hanging drop of distilled water, 
the root was put immediately on a slide and irrigated with a solution of 
ferric nitrate (10 ppm. of Fe). Observations were made using uninjected 
hairs as checks. 

In all cases the base of the hair was punctured. The opening quickly 
healed with a gel of protoplasm forming a plug which almost immediately 
became a brown coagulum. Other effects are described separately. 

Criticism op methods 

The most serious objection to the material employed is the difficulty 
in reproducing the results recorded. The root hairs of Trianea are exceed- 
ingly delicate cells and their “degree of health” varies greatly. This work 
was begun in December, 1927, and in the following five months the im- 
mersion experiments were concluded. At the time, it was observed that 
temperature played a most important role in toxicity. In order to obtain 
a curve, the experiments were continued. Unfortunately, it was found im- 
possible to reproduce results with the root hairs then obtainable. New 
stolons were rooted and experiments repeated with the new crop the follow- 
ing autumn, without success. In spite of many efforts, . suitable material 
was not obtained until the spring of 1929, but it was found impossible 
to conclude the work before the advent of hot weather. In order to com- 
plete the task, it became necessary to grow the plants in the following 
manner. Healthy plants were rooted in heavy garden soil in deep glass 
containers. The containers were immersed in 6-gallon jars and the new 
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stolons permitted to project into and root in the surrounding water. The 
6-gallon jars were put into tubs filled with water eooled to 16“ C. ± 3°. 
This kept the surface inch of water occupied by the roots of the daughter 
plants at a temperature of 18° G. ± 2°. In three weeks, sufficient roots 
were available to continue work. The hairs thus obtained were resistant to 
the treatment described and with them the entire work was repeated. Con- 
sistent reproducible results were obtained. Similar stock grown simulta- 
neously in tanks with the temperature at 24° C. ± 3° were entirely un- 
suited for immersion experiments because of the great sensitivity of the 
hairs. 

Experiments, therefore, are here considered as individual cases demon- 
strating a consistent tendency but not necessarily the degree of that 
tendency. 

With respect to the micro-injection experiments, little effort was made 
to be quantitative. It is impossible as yet even to estimate the quantity 
of liquid injected. One can always be certain of an injection by the ob- 
servable, though slight, displacement of particles in or of the protoplasm. 

In the immersion experiments, only the most resistant roots were em- 
ployed, while in injection, because of the time factor, very sensitive plants 
were chosen. 

Results 

Immersion 

Table I shows the results of two experiments in which root hairs were 
irrigated first with distilled water, and then with ferric nitrate in the con- 
centration of 10 ppm. of Fe. 

It is apparent that this concentration of Fe causes a most pronounced 
acceleration in the rate of cyclosis soon after it is added as compared with 
the rate recorded for distilled water. The rate of streaming gradually 
decreases and finally stops. The protoplasm gradually aggregates at the 
tip of the hair and, just before death, moves with pulsating jerks and 
quickly turns a decidedly brown color. The tip of the hair may or may 
not burst. Should death occur quickly, the tip perceptibly swells and the 
protoplasm is extruded with a peculiar pumping motion. 

Table II presents data of two similar experiments. The roots were 
irrigated with distilled water for the time interval indicated, then with 
a solution containing 10 ppm. of Fe and 20 ppm. of Ca, and finally with a 
third solution containing only 10 ppm. of Fe. These experiments are 
typical of a large number of similar observations. 

In the presence of Ca it is noted that Fe has no effect on the cyclotic 
rate within the limit of the experiments. As previously remarked, no 
change was observed when this part of the experiment was twice continued 
for two hours. As soon as Ca is removed from the irrigating liquid, the 
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TABLE I 

Cyclosis op Trianea root uairs immersed in water, followed by ferric nitrate 


Irrigating liquid 

Interval of observation 

Cyclosis, per second 


minutes 

H 

Water 

5 

4.2 

Water 

10 

4.1 

Water 

15 

4.2 

Fe, 10 ppm. 

5 

4.8 

Fe, “ 

10 

5.7 

Fe, “ 

20 

4.9 

Fe, “ 

25 

3.6 

Fe, “ 

35 

3.9 

Fe, “ 

50 

3.6 

Fe, “ 

90 

3.0 

Fe, “ 

100 

No movement, brown, granu- 
lar coagulum, death 

Water 

5 1 

4.5 

Water 

10 

4.2 

Water 

15 1 

4.7 

Water 

20 1 

| 4.4 

Fe, 10 ppm. 

s i 

4.5 

Fe, “ 

10 

5.5 

Fe, “ 

15 

5.3 

Fe, “ 

25 

7.3 

Fe, “ 

35 

5.0 

Fe, “ 

40 

5.1 

Fe, 

50 

3.9 

Fe, “ 

55 

Broke at tip, no movement, 
brown, granular coagulum, 



death 


toxic action of Fe is exhibited in the increased rate of streaming, the follow- 
ing decrease, and characteristic death. 

It is concluded that Ca antagonizes Fe in the concentrations used and 
that this antagonism is effected at the surface although not necessarily 
confined to the surface. 

Injection 

Ca 20 ppm. (as the chloride). — When Ca is injected into the hair, a 
gel quickly appears in the region of injection and slowly becomes a 
coagulum. The rate of streaming decreases sharply until there is prac- 
tically nb movement of the protoplasm within 5 minutes. The gel is pro- 
duced progressively from the point of injection at the base of the hair 
toward the tip, and death by the formation of a coagulum ensues in 10-15 
minutes. Cells have been observed to produce a gel in about half the proto- 
plasmic contents and then to convert it slowly into a sol, the entire hair 
becoming normal within 59 minutes after injection. Evidently this is a 
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TABLE II 

Antagonism or Ca and F* on oyclosis or Trianea soot hairs 


Irrigating liquid 

Interval of 

OBSERVATION 

Cyclosis, 

PER SECOND 




minutes 


Water 



5 

5.5 

Water 



10 

5.0 

Water 



15 

5.3 

Water 



20 

5.5 

Ca, 20 ppm. + Fe, 10 ppm. 

5 

5.2 

Ca, 

“ +Fe, 

tt 

15 

5.0 

Ca, 

" +Fe, 

a 

40 

5.5 

Fe, 10 

ppm. 


5 

5.5 

Fe, 

<< 


10 

7.0 

re, 

tt 


20 

7.9 

Fe, 

it 


40 

4.3 

re, 

a 


80 ; 


re, 

tt 


85 

Barely perceptible, no move- 





ment; brown, granular co- 
agulum, death 

Water 



5 

6.6 

Water 



10 

6.0 

Water 



20 

6.3 

Ca, 20 ppm. + Fe, 10 

ppm. 

5 

6.9 

Ca, 

“ +re, 

tt 

10 

6.6 

Ca, 

“ +Fe, 

tt 

20 

6.5 

Ca, 

“ +re, 

a 

25 

6.1 

Fe, 10 

ppm. 


5 

8.5 

Fe, 

tt 


10 

6.6 

re, 

it 


15 

3.0 

re, 

it 


20 

2.8 

re, 

tt 


25 

No movement; brown, granu- 





lar coagulum; death 


function of the quantity of Ca injected. Ca shows a decided toxic action on 
the hairs when injected, whereas no effect is observable when the hairs are 
immersed in much greater concentrations of the same ion (0.001 M.). 

When compared with the reaction of the hairs on immersion in calcium 
chloride, the experiment implies that Ca is very slow in penetrating the 
cell; in fact, Mi slow as to be considered physiologically non-penetrating 
with respect to the criteria here used. 

Fb 10 ppm.- (as the nitrate). — Two types of results have been obtained 
with the injection of Fe, which the writer believes are simply functions of 





SKEEN : EXPERIMENTS WITH TRIANEA ON ANTAGONISM AND ABSORPTION 113' 


the quantity of Fe injected into the cells. After injection the cyclotic rate 
is often increased similarly to the tendency reported in tables I and II for 
the immersion experiments. In other cases, the rate of protoplasmic stream- 
ing immediately decreases and the coagulation of the protoplasmic con- 
tents and the death of the cell occurs much faster than in the former in- 
stance. The sequence of events in the two types of reaction follows : 

1. After injection, there is apparent a pronounced acceleration in 
streaming, beginning from 3-6 minutes after injection and continuing from 
2-4 minutes. The rate then rapidly decreases, becoming almost imper- 
ceptible within 15 minutes. In upwards of 30 minutes the gel appears, 
which quickly becomes a coagulum. This coagulum is produced simul- 
taneously in all parts of the hair. The protoplasm is tinted brown, and 
the hair is dead. 

2. After injection, the streaming continues normal for perhaps 2 
minutes, at which time the cyclotic rate decreases rapidly, becoming almost 
imperceptible within 10 minutes. A coagulum is formed simultaneously 
in all parts of the cell in from 15-20 minutes after injection, which rapidly 
becomes brown, and the eell is dead. 

The toxicity of Fe when injected is patent. It causes a marked granular 
appearance of the protoplasm after death. The acceleration of the proto- 
plasmic streams has been observed many times but the second method of 
death above described is more usual. 

Ca 20 ppm. (as the chloride) 4 Fe, 10 ppm. (as the nitrate). — In no 
experiment was the rate of streaming observed to increase when this mix- 
ture was injected. On the contrary, the reaction of the protoplasm was 
apparently the same as though CaCl 2 alone were injected. However, the 
rate of cyclosis rapidly decreases and a gel is produced at the point of in- 
jection. This gel progresses toward the tip of the hair and progressively 
becomes a coagulum. Death occurs in from 10-15 minutes. 

Injection and immersion 

Sodium oxalate (saturated solution). — Root hairs were injected with 
this solution and then irrigated with ferric nitrate (10 ppm. of Fe). Table 
III shows the results of a typical experiment. 

Immediately preceding the formation of the coagulum, a marked 
vacuolization occurs with intermittent streaming. On death, the granular 
structure produced is much less vacuolar. 

From the cited experiments, it is observed that the injected hairs survive 
immersion in a lethal Fe solution averaging 240 per cent, longer than the 
uninjected hairs. The most favorable experiment at hand using sodium 
oxalate shows that the average life of 3 injected hairs is 350 per cent, 
longer than that of the uninjected hairs when immersed in a toxic Fe 
solution. 
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TABLE III 

Responses of root hairs of Trianon to injection of sodium oxalate followed by 

IMMERSION IN FERRIC NITRATE 


Time in minutes 

Remarks 

0 

Injected 4 hairs, observed 2 

5 

Immersed root in Fe solution (10 ppm. of Fe) 

7 

Many uninjeeted hairs burst at tip 

10 

All uninjected hairs burst at tip 

Injected hairs normal 

13 

Injected hairs reducing cyclotic rate; protoplasm in one hair 
very viscous 

15 

1 injected hair has formed a coagulum, brown, granular, dead 

19 

Second injected hair has formed coagulum, brown, granular, 
dead 

Tannin (fifth saturated solution). — Injected with this solution, root 

hairs were immediately irrigated with a solution of ferric nitrate (10 ppm. 

of Fe) . The results are presented in table IV. 

TABLE IV 

Besponses of root hairs of Trianea injected with tannin solution, followed by 

IRRIGATION WITH FERRIC NITRATE 

Time in minutes 

Remarks 

0 1 

1 3 hairs injected, 2 observed 

1 

Immersed in ferric nitrate (10 ppm. of Fe) 

3 

Many cells burst 

4 

All uninjected cells burst, injected cells normal 

14 

Rate of cyclosis decreasing, protoplasm massing at tip, hair 
becoming vacuolate 

17 

Streaming almost imperceptible 

20 

Coagulum formed in 1 cell, brown, granular; vacuoles disap- 
pear to some extent 

22 

Coagulum formed in second cell, brown, granular; vacuoles 

• 

smaller and fewer 


Tannin is somewhat toxic to these cells when injected. A saturated 
tannin solution causes the coagulation and death of the cells within a few 
seconds after injection. Half saturated tannin solutions were also unsatis- 
factory. However, a fifth saturated tannin solution is apparently harmless 
to the cells in the quantities injected within the time limits of the 
experiments. 

It is remarked that cells injected with tannin live 650 per cent, longer 
in a lethal iron solution than uninjected cells. This duration is average 
for the experiments performed. 
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Haematoxylin (saturated solution). — Injected with this solution, 
root hairs were irrigated with a solution of ferric nitrate (10 ppm. of Fe). 
The tendency is indicated in table V. 

TABLE V 

Responses op root iiairs or Trianea, injected with saturated haematoxylin, and 

IRRIGATED WITH FERRIC NITRATE 


Time in minutes i Remarks 


0 ! Injected 6 hair*., observed 2 

2 Immersed in feme nitrate (10 ppm. of Fe) 

4 All uninjected hairs burst 

6 Slight acceleration in streaming in injected hairs 

12 Cycloids normal 

15 | Decrease in rate of streaming 

18 Streaming perceptibly decreases 

19 Formation of vacuoles, no cyclosis 

20 Coagulum formed in one hair, biown, granular; dead. De- 

crease in number of vacuoles 
24 Cyclosis imperceptible in second hair 

20 Brown, granular coagulum formed, dead. Few vacuoles 

1 present 


In a lethal iron solution, hairs injected with haematoxylin live 1 100 per 
cent, longer than the uninjected hairs. 

It is apparent that the injection of haematoxylin, tannin and sodium 
oxalate into the root hairs of Trianea enables those root hairs to survive 
immersion in toxic and lethal iron solutions significantly longer than un- 
injected root hairs. Depending on the quantity of injected material in 
the cells, the time advantage of survival is indefinitely increased. 

Discussion 

1. The relative non-penetration of Ca. 

Small quantities of Fe injected into the cells show a great toxic action. 
Immersion experiments with this toxic ion exhibit practically the same re- 
sults with the same material. Immersion experiments with Ca in concen- 
trations up to 0.001 M. show no effect whatever on the protoplasm of the 
hairs but when small dilute quantities are injected, death results through 
the formation of a gel, followed by irreversible coagulation. If Ca were 
as penetrating as Fe, the same results, or at least comparable results, should 
be obtained on immersion as w r ell as on injection. 

2. The antagonism of Ca for Fe. 

Immersion experiments (table II) clearly indicate this antagonism. Fe 
does not enter the cell because Ca is present in the same solution. This 
action of Ca is strictly a temporary effect for as soon as it is removed, the 
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characteristic Fe toxicity appears. The root hairs behave precisely the 
same whether they are immersed in an Fe solution or injected with same Fe 
solution. 

3. “The external part of the membrane only is affected.” 

From the above data, this conclusion must follow. Injections are made 
into the vacuole of the cells. Indeed, it would be almost impossible to in- 
ject the cytoplasm. When Fe alone is injected it diffuses rapidly to all 
parts of the hair, causing simultaneous death of all the protoplasm. Ga 
remains rather local in its effects, although toxic, forming a viscous gel. 
The gel with Ca has never been observed in any of our immersion experi- 
ments. Therefore no significant quantities of Ca penetrate the cytoplasm 
beyond the immediate periphery (the plasma membrane) when root hairs 
are immersed in solutions containing this ion. When the hairs are immersed 
in solution of both Ca and Fe ions, cyclosis remains normal as does the 
general appearance of the protoplast. Did Fe penetrate beyond the imme- 
diate surface, the effect of its entrance should parallel that seen in injection 
experiments. Therefore, Ca antagonizes Fe by decreasing the degree of 
permeability of a definite physiologic, peripheral membrane, the plasma 
membrane. These observations are in harmony with a great deal of other 
work (7, 8, 17, 21). 

These data indicate (but do not demonstrate) that the plasma membrane 
is composed of a different type of cytoplasm than the vacuolar membrane. 
Otherwise Ca should remain isolated in the vacuole when injected there 
and should antagonize Fe by its action on the vacuolar membrane. That 
this is not the case seems likely. 

4. The protective action of substances dissolved in the vacuole. 

When cells of great “vitality” or “degree of health” were injected 
with solutions of tannin, oxalate, or haematoxylin and immersed in toxic 
Fe solutions, they survived the uninjected cells for hours. Such experi- 
ments were impractical and so the time advantage of “sensitive” hairs is 
recorded. These substances in the concentrations and amounts used are 
not harmful to the cells. Whether they remain in the vacuole or diffuse 
out of the cells is conjectural. But so long as they are present, toxic Fe 
solutions have no effect, although the Fe enters the cell. This latter state- 
ment is checked in two ways: — First, the check cells are quickly killed; 
and second, when the injected substances are precipitated, the injected cells 
are killed. It is believed, but not demonstrated, that such protecting sub- 
stances are an ecologic factor in the distribution of plants. The work of 
Molisch (15) is suggestive on this point. 

5. The effect of temperature on the rate of permeability. 

When Trimen is grown below 14® C. for over a week, the cydotic rate 
is consistently slower than when the plants are kept at higher temperature. 
Also the hairs appear to be less permeable to toxic Fe solutions. Material 



SKEEN : EXPERIMENTS WITH TRIANEA ON ANTAGONISM AND ABSORPTION 117 


grown above 23° C. is extremely permeable to the same Fe solutions; and, 
further, Ca appears powerless to decrease the degree of permeability of 
the cells. 

Conclusions 

1. In single salt solution, Fe readily penetrates the root hairs of Trianea 

bogatensis. 

2. Ca is a relatively non-penetrating ion. 

3. Ca decreases the rate of entry of Fe into the hairs. 

4. In the antagonism of Ca for Fe, the “external part of the plasma mem- 

brane only is affected.” 

5. Some evidence is presented suggesting that the plasma membrane is 

physiologically different from cytoplasm. 

6. Such substances as sodium oxalate, tannin, and haematoxylin, when 

present in the cell, protect the cell from the lethal action of Fe. 
University or Pennsylvania, 

Philadelphia, Pa. 


LITERATURE CITED 

1. Burgess, P. S. Comparison of “active” aluminum and hydrogen-ion 

coneentrations of widely separated aeid soils. Soil Sci. 15 : 407- 
412. 1923. 

2. Chambers, R. The physical structure of protoplasm as determined 

by micro-dissection and injection. General Cytology, 237-309. 
Chicago. 1924. 

3. CLOWES, G. H. A. Protoplasmic equilibrium. I. Action of antago- 

nistic electrolytes on emulsions, and living cells. Jour. Phys. 
Chem. 20 : 407-451. 1916. 

4. Hansteen-Cranner, B. Bcitrage zur Biochemie und Physiologie der 

Zellwand und der plasmatischen Grenzschichten. Ber. deutsch. 
bot. Ges. 37 : 380-391. 1919. 

5. Hardenburo, E. V. Muck-soil reaction as related to the growth of cer- 

tain leaf vegetables. Plant Physiol. 3 : 199-210. 1928. 

6. Hartwell, B. L., and Pember, F. R. The presence of aluminum as 

a reason for the difference in the effect of so-called acid soil on 
barley and rye. Soil Sci. 6 : 259-279. 1918. 

7. Heilbrunn, L. V. The colloid chemistry of protoplasm. 3. The 

viscosity of protoplasm at various temperatures. Amer. Jour. 
Physiol. 68 : 645-648. 1924. 

8. . The physical structure of the protoplasm of sea-urchin 

eggs. Amer. Nat. 60: 143-156. 1926. 

9. Kbrn eb , A. Ueber das sporadische Yorkommen sogenannter Schiefer- 

pflanzen im Kalkgebierge. Yerhd. Zoolog-botan. Ges. in Wien. 
13 : 245-256. 1863. 



118 


PLANT PHYSIOLOGY 


10. Loeb, J., and Ewald, W. F. Chemical stimulation of nerves. Jour. 

Biol. Chem. 26 : 377-390. 1916. 

11. Loeb, J. The mechanism of the diffusion of electrolytes through the 

membranes of living cells. I. The necessity of a general salt effect 
upon the membrane as a prerequisite for this diffusion. Jour. Biol. 
Chem. 27 : 339-352. 1916. 

12. McCutcheon, M., and Lucke, B. The kinetics of osmotic swelling in 

living cells. Jour. Gen. Physiol. 9: 697-707. 1925-1926. 

13. Magistad, 0. C. The aluminum content of the soil solution and its 

relation to soil reaction and plant growth. Soil Sci. 20 : 181-225. 
1925. 

14. Mirasol, J. J. Aluminum as a factor in soil acidity. Soil Sci. 10: 

153-217. 1920. 

15. Molisch, H. tlber den mikroehemischen Nachweis und die Verbreit- 

ung geloster Oxalate im Pflanzenreiche. Flora 111-112: 60-70. 
1918. 

16. Nageli, C. Yon. Ueber die Bedingungen des Vorkommens von Arten 

und Varietaten innerhalb ihres Yerbreitungsbezirkes. Sitz- 
ungsber. bayr. Akad. 2 : 367-395. 1865. 

17. Ostebhout, W. J. V. On the decrease in permeability due to certain 

bivalent cations. Bot. Gaz. 69: 317-330. 1915. 

18. . Does the temperature coefficient of permeability indi- 

cate that it is chemical in nature ? Bot. Gaz. 63 : 317-330. 1917. 

19. Paul, H. Zur Kalkfeindlichkeitsfrage der Torfmoose. Ber. deutsch. 

bot. Ges. 24: 148-154. 1906. 

20. PfSTERFi, T. Die Mikrurgie der Gewebskulturen. Arch. exp. Zell- 

forsch. 4: 165-174. 1927. 

21. Runnsteom, J. Eine Lipoide Oberflachenschicht bei dem Seeigelei. 

Acta Zoolog. 4 : 285-311. 1923. 

22. Schxmpeb, A. F. W. Ueber Kalkoxalatbildung in den Laubblattem. 

Bot. Zeit. 46 : 65-69. 1888. 

23. . Zur Frage der Assimilation der Mineralsalze durch die 

grime Pflan^e. Flora 73 : 207-261. 1890. 

24. . Pflanzengeographie. Jena. 1898. 

25. Skeen, J. R. Effects of some electrolytes on kaolin and the probable 

relation to the soil. Soil Sci. 23:225-242. 1927. 

26. . Some reactions of seedlings to weak concentrations of 

hydrochloric acid and calcium. Soil Sci. 26:471-478. 1928. 

27. . The tolerance limit of seedlings for aluminum and iron 

and the antagonism of calcium. Soil Sci. 27 : 69-80. 1929. 

28. Skene, M. The acidity of Sphagnum and its relation to chalk and 

mineral salts. Ann. Bot. 29 : 65-87. 1915. 



ENERGY EMANATION DURING CELL DIVISION PROCESSES 

(M-RAYS) 

D. N. Borodin 
(with three figures) 

Experiments with M-Rays (mitogenetic rays) conducted by the author 
since September 1928 are partly a continuation of work done by a small 
group of Russian investigators whose only technical mistake perhaps has 
been somewhat too soon to call themselves “Practical Vitalists.” The prob- 
lem of the M-Rays (mitogenetic rays) has very little to do with vitalism as 
a doctrine, but its study has presented some new facts pertaining to the field 
of biophysical phenomena which occur during cell division processes in 
general. 

Haberlandt 's (10, 11, 12) theories of cell-division hormones, wound- 
hormones, necro-hormones, lepto-hormones, ete., affecting cell division and 
the growth of tissues as a whole, are a purely biochemical explanation of 
some cellular processes. The physical side of the problem was not at all 
taken into consideration by Haberlandt . 1 

An explanation on a purely biophysical basis has been presented by 
Gurwitsch (4) in his experiments on the induction of cell division proc- 
esses in the onion root meristem by exposing it to another onion root. Bio- 
physical induction has been more recently found to occur in plants 
and protista* by Rawin (16) in sunflower root tips; Prank and Salkind 
(3) in sunflower seedling leaves; Kisliak-Statkewitsch (13) in potato 
leptom; Wagner (19) in Vicia fdba root-tips; Baron (1) in yeast cultures; 
Magrou and Magrou (14) in Bac. tumefaciens; Baron (2) in Bac. anthra- 
coides, Sarcina flava, Bac. coli commune, etc. Most of this work has been 
done in Russia, but the results have been published in French and German 
journals. 

Owing to the established prestige of Haberlandt, the biophysical expla- 
nation of phenomena which he regarded as biochemical, has not gained 
popularity. The results obtained by Russian colleagues have been ignored 
in Western Europe for about seven years, until first efforts of verification 

i Went, (80), mentioned that his son found that there is definite emanation from 
the upper part of a plant (tip) which affects the lower part (stump) by changing the 
direction of its growth, the two parts being completely separated by the interposition of 
an artificial culture ni«Umn- The explanation suggested was also of a biochemical nature. 

It has been noticed also that two pieces of homologous animal tissue planted together 
but at a short distance from each other (in tissue culture), stimulate the growth of each 
other. In this case no definite explanation has as yet been offered. 

* Animals not mentioned. 
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of the results obtained by them were made by Magrou and Magbou ( 14 ) in 
Lyon, France. Magrou repeated the experiments with success and has ex- 
pressed himself in favor of the presence of inductive forces. Positive results 
outside of Russia have been also obtained so far by Wagner ( 19 ) in 
Prague; Reiter and Gabor ( 17 ) in Berlin Siemensstadt; and by Borodin 
in New York. 

Rossvan ( 18 ) in Rostock repeated the original experiments with the 
onion-root meristem but failed to obtain positive results. This may, how- 
ever, be ascribed to inadequate technique. His protocols, before publica- 
tion, were used by his colleague, von Guttenberg (8) of Rostock, in the 
three articles in which von Guttenberg published a very sharp criticism 
of the theory of M-Rays (mitogenetic rays). Yon Guttenberg himself 
never did any of the experimental work in this field. 

This short report on experiments with M-Rays prepared for the New 
York meeting of the American Association for the Advancement of Science 
in 1928 is confined to plant tissues and, therefore, does not include results 
obtained by me with animal tissues, nor does it include my studies on the 
physical and optical properties of the M-radiations. 

The technique for the detection of M-Rays (mitogenetic rays) from the 
onion-»root meristem has not yet been described in English. The following 
is only a brief statement of the technique which will be described in detail 
in a forthcoming review. 

A single onion root connected with its whole bulb, or with a part of its 
bulb, was placed in a vertical capillary tube of quartz (fig. 1 D) and kept 
moist. The meristem of this root was used as the “detector” of the radia- 
tion. Another onion root, also connected with its bulb (entire or in part), 
was placed horizontally in a glass capillary tube (fig. 1 S) and also kept 
moist, and used as the “sender” of radiation. Both tubes are fixed to 
a special “inductorium,” consisting of glass or celluloid plates 7.5x5.25 
mm. with three more small plates cemented to it in such a way that the dis- 
tance between the plates is about 1.25 mm. (fig. 1). 

In such a position the roots (fixed in the inductorium) were exposed for 
varying times, from one hour to 2 hours and 30 minutes. The unexposed 
side of the “detector” was marked with India ink after the induction, and 
then immediately fixed in Bouin-Allen fluid, etc., for the purpose of sec- 
tioning. 

In fixed and stained sections the mitoses on the “induced” (exposed) 
and “noninduced” (nonexposed) sides were counted and the difference in 
numbers is given in percentages to show the relation between the number 
of mitoses on the exposed and nonexposed sides. This difference given in 
percentage we. shall call the percentage of induction or, in brief, “Ind. per 
cent.” 
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The results of the experiments with onion-root meristem, when the in- 
ductoria described above were used, arc all positive, as is shown in tables 
later. It will be seen, however, that the induction percentage varies to a 
considerable extent. This variation can be explained by the fact that the 
centering of the “sender” on the “detector” was not fully controlled. In 
a later experiment the centering was better controlled by using a system of 
good Leitz mechanical stages together with a horizontal microscope. This 
equipment was still later replaced by a special induetorium which I have 
named “condenser.” Of this type two modifications were made. 

The first modification of inductorium-condenser was made by using an 
additional capillary glass tube with another onion root as an extra sender. 
Later, about ten capillary glass tubes (fig. 2) have been used and placed 
radially on one common glass or celluloid plate of 7.5 x 5.25 mm., pointing 
them to a common center, which was at a distance of 1 mm. from the end 
of each tube. In this center the quartz capillary tube with a detector root 
has been placed vertically, as is shown in fig. 2 D. The results obtained by 
this type of induetorium were more uniform. 

The “condenser” just mentioned has worked quite satisfactorily, but 
finally was substituted by two object glasses, or celluloid plates, of the same 
size fastened together. The onion root mash, or other senders, was placed 
and fixed between these plates as is shown in fig. 3 S. This “sender holder” 
with some modifications has been quite satisfactory. 

In these experiments the onion-root-tip meristem was used, since it is an 
object which already has been studied very carefully by other investigators. 8 

* The average deviation in number of mitoses in opposite sides is estimated as * 8 
- 13 per cent. 
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Fiq. 2. Inductorium No. 2. 


The first experiment was with homoinduction. The “sender” in this set of 
experiments was a fresh, healthy onion root of one of the three commercial 
varieties common on the markets of New York: Spanish, Texas red, and 
Texas white. The “detector” was another onion root of the same variety. 

I offer two new signs: ?*, to indicate the “sender;” and O to indicate 
the detector. 

The purpose of this experiment was, first, to prove the existence of en- 
ergy emanation from the onion-root tip; second, to prove the existence of 
an induction at a distance and through media which prevent the possibility 



Fig. S. Indnetorinm No. 3. 
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of chemical action; in other words, to prove the physical character of 
induction. 

Homoinduction 

The protocols of the experiments with homoinduction are shown below. 

Experiment no. 11c 

Homoinductioii : Sender onion root tip, variety Texas white. Detector Q, same 
variety, meristem. Apparatus, inductorium no. 1. Separation, quartz capillary tube, and 
water. Distance, 1 mm. Time of exposure, 2 hours 15 minutes. Fixation, by Flem- 
ming. Staining, by iron haematoxylin in sections of 10 p thickness. 

Besting full-sized 
Mitoses nuclei 


<a) Exposed side mitoses, per cent 

31 

37 

42 

41 

38 

51 

(b) Unexposed side mitoses, per cent 

25 

30 

38 

39 

27 

38 

(c) Difference 

6 

7 

4 

2 

11 

13 

(d) Induction, per cent 

+24 

+23 

+11 

+5.1 

+40 

+34 


Results: Definite induction of onion-root meristem through quartz. 


Experiment no. 12 

Homoinduction: Sender onion Toot tip, variety Texas white. Detector O, root 
meristem, same variety. Apparatus, inductorium no. 1. Separation, quartz capillary 
tube and water. Distance, close touch. Time of exposure, 2 hours 30 min. Fixation, 
Bouin- Allen. Staining, iron haematoxylin, 10 ^ section. 


(a) Exposed side mitoses 

.. 56 

62 

82 

60 

28 

43 

55 

40 

32 

18 

(b) Unexposed side mitoses... 

.. 33 

35 

32 

25 

20 

21 

28 

30 

18 

15 

(c) Difference 

. 23 

27 

50 

35 

8 

22 

27 

10 

14 

3 

(d) Induction, per cent 

.. +69 

+76 +156 +140 

+40 +104 

+96 

eo 

+77 

+20 


Results: Exposure of an onion root meristem, used as detector against the onion root 
tip of the same variety used as sender at a distance of 1 mm. for 2 hours 30 minutes, 
through quartz glass results in definite induction or in an increase in the number of ripe 
nuclei on the exposed side or in comparison to that of the unexposed side. Average, + 81 
per cent. 

Experiment no. 13 

Homoinduction: Sender onion root tip, variety Texas white. Detector Q, root 
meristem, same variety. Apparatus, inductorium no. 1. Separation, quartz plate 2 mm. 
thick from the side. Distance, 1 mm. Time of exposure, 2 hours 30 minutes. Fixation, 
Bouin- Allen. Staining, iron haematoxylin, 10 |a section. 

(a) Exposed side mitoses 46 38 58 60 52 57 62 64 52 51 

(b) Unexposed side mitoses 30 31 40 45 40 45 42 48 41 48 

(c) Difference 16 7 18 15 12 12 20 16 11 3 

(d) Induction, per cent +53 +20 +44 +33 430 +26 +47 +33 +38 +6 

Results : Same as in experiments nos. 11C, 11D, 12. Average, + 32 per cent. 

Experiment no. 14 

Homoinduction: Sender ?£, onion root tip, variety Texas white. Detector O, onion* 
root meristem, same variety. Apparatus, inductorium no. 1. Separation, quartz. Time 
of exposure, 2 hours 30 minutes. Fixation, Gibson. Staining, iron haematoxylin, 10 p 
section. 
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(a) Exposed side mitoses 62 80 85 63 80 64 59 58 58 

(b) Unexposed side mitoses 44 28 39 45 50 45 86 41 62 

(c) Difference 18 2 46 18 30 19 23 17 -4 

(d) Induction, per cent 441 +7 +118 +40 +60 +42 +64 441 -6 


Results: Same as in previous experiment. Average induction, +45.2 per cent. 

Experiment no. 15 

Homoinduction: Sender onion-root tip, variety Texas red. Detector ©, onion- 
root meristem, same variety. Apparatus, induetorium no. 4. Separation, quartz and air. 
Time of exposure, 2 hours 30 minutes. Fixation, Bouin- Allen. Staining, iron haematoxy- 
lin, 10 (i section. 

(a) Exposed side mitoses 72 66 75 80 82 76 61 49 35 

(b) Unexposed side mitoses 55 39 45 45 42 44 50 21 20 

(c) Difference .... 17 27 30 35 40 32 11 28 15 

(d) Induction, per cent +30 +69 +66 +77 495 +72 +22 +133 +75 

Results: Definite induction. Average, +71 per cent. 

Heteroinduction 

It has been stated a number of times before that induction is not limited 
to the action of a species or variety upon itself, but different biological 
sources may be used as sender for a given detector. That is, induction by 
one varietal sender and a different varietal detector is possible. In other 
words, not only homoinduction but heteroinduction can be produced. To 
prove this, a set of experiments have been conducted with different plants. 

Experiment no. 16 

Heteroinduction: Sender hyacinth root, of unidentified commercial variety. De- 
tector Q, onion-root meristem, variety Texas red. Apparatus, induetorium no. 3. Sep- 
aration, quartz capillary tube and water. Time of exposure, 2 hours. Fixation, by 
Bouin- Allen. Staining, iron haematoxylin, 10 \i section. 

(a) Exposed side mitoses 32 56 32 69 35 43 38 65 

(b) Unexposed side mitoses 26 32 19 42 30 26 34 30 

(c) Difference 6 24 13 27 5 17 4 35 

(d) Induction, per cent +23 +75 +68 +64 +16 +65 +11 +11 

Results: Definite induction. Average, +41 per cent. 

* Experiment no. 17 

Heteroinduction: Sender willow root, unidentified species from Kew Gardens, 
Long Island, N. T. Detector ©, onion root meristem, variety Texas white. Both in in- 
ductorium no. 1. Separation, quartz capillary tube and air. Distance, 1 mm. Time of 
exposure, 2 hours 30 minutes. Fixation, Bouin- Allen. Staining, iron haematoxylin, 10 p 
section. 


(a) Exposed side — 

51 

43 

44 

63 

50 

44 

65 

58 

72 

52 

(b) Unexposed side 

35 

41 

33 

44 

33 

42 

31 

43 

34 

44 

(c) Difference - 

16 

2 

11 

19 

17 

2 

34 

10 

38 

8 

(d) Induction, per cent. 

445 

44.8 

+33 

443 

+51 

+4 ■ 

fl09 

+20 

fllO 

00 

2 


Besnlts: Definite induction. Average, +43.7 per cent. 
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In studying the cause of Rossman’s failure (18) to obtain positive re- 
sults I conclude that there were two weak points in his technique: (1) the 
poor centering of roots during the experiments, and (2) improper fixation 
solution used for the root tips serving as detectors. 

The simplest method of detecting energy emanation from different send- 
ers of a biological or physical character is the use of yeast culture on agar 
blocks. This method excludes the necessity of microtome technique, and 
was worked out by Baron (1) . The writer used the micro-incubator placed 
on the microscope table with quartz object glass, through which induction 
was made. 4 

The induced yeast culture, after exposure, has been placed on the object 
glass by means of a platinum loop, fixed and stained. The check control 
sample from the uninduced (unexposed) culture has been placed by the 
same method on another object glass, fixed and stained in the same way. 
The percentage of budding cells has been counted on both object glasses and 
the difference found. A few figures obtained are shown below. 

Experiment no. 78 

Heteroinduction: Sender Bacillus anthracoides, bouillon culture. Detector 0, 
yeast culture, 12 hours glucose bouillon agar. Apparatus, micro-incubator. Temperature, 
32° C. Separation by quartz, 1 mm. thick. Distance, 2 mm. Time of exposure, 2 hours. 


(a) Exposed culture budding, per cent. . 75 

(b) Unexposed cultuie budding, per cent. 41 

(c) Difference . 34 

(d) Induction, per cent. +83 

Results: Presence of induction shown. 


Experiment no. 79 

Heteioinduction: Sender ^£, Bacillus anthracoidis culture. Detector Q, yeast cul- 
ture, S' cerevxsiae . Apparatus, celluloid and quaitz plates in a thermostat. Tempera- 
ture, 32° C. Distance, 2 mm. Time of exposure, 2 hours. 


(a) Exposed culture budding, per cent. 40 

(b) Unexposed culture budding, per cent. 21 

(c) Difference 19 

(d) Induction, per cent. +90 

Results: Presence of induction shown. 


Experiment no. 75a 

Heteroinduction: Sender p£, onion root, variety Texas led. Detector O, yeast cul- 
ture. Appaiatus, micro-incubator. Separation, 1 mm. quartz object glass. Tempera- 
ture, 32° C. (89° F.). Distance, 3 mm. Time of exposure, 2 hours 30 min. 

* Later on, a special inductorium was constructed, consisting of a quartz plate, dia- 
phragm, heating element, and a glass cylinder for yeast culture. Optimum temperature 
was controlled by a rheostat. 
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(a) Exposed culture budding, per cent - 63 

(b) Unexposed side budding, per cent. 41 

(c) Difference - 24 

(d) Induction, per cent - — +59 

Besults: Definite induction shown. 

My experiments confirm the existence of energy emanation during the 
cell division processes in four biological objects : onion root, hyacinth root, 
willow root, and bacteria. The energy is in the form of radiation, pene- 
trating through quartz glass, and stimulating the tempo of the cell division 
process of the onion-root tissues and yeast cell colony. Tissues of different 
plants, yeast or bacteria cells can affect each other as well. The effect is 
noted at a distance. 

The dividing cell has proven to be as good a detector of energy as the 
most sensitive physical instruments, and may perhaps be even more sensi- 
tive. The sensitiveness of a living organism and its use as a most delicate 
instrument recalls the experiments of Packard (15) with Drosophila eggs, 
used for quantitative determination of Roentgen units. 

The existence of a specific energy emanation in a living cell may be of 
greater significance than it appears at the present, and should be studied 
carefully. Experiments thus far conducted show definitely that it has a 
stimulating, if not a specific, effect on the living cell or at least on its nuclei 
to the extent of inducing their division directly or indirectly. The theory 
of M-Rays (mitogenetic rays) as a working hypothesis will stimulate re- 
search in the field of experimental cytology, general physiology, as well as 
in the field of genetics, particularly in the study of gene activity. At any 
rate, the investigation of the physical side of the problem will thus be pro- 
moted. 

The organism as a whole has the same functional elements as a cell has 
in miniature. The organism is a field of activity, as it were, of a tornado 
of chemical and physical forces. Whereas the chemical side has been 
studied carefully and some questions already have been answered, the physi- 
cal side of the processes in the living organism has not yet been an object 
of intensive study, owing to the fact that scientists did not possess the deli- 
cate instruments which are now coming into use by modem physicists: 
thermocouples, photoelectric cells, hydrogen-ion concentration apparatus, 
etc. 

We know at present how powerful an influence X-Rays, radium, and 
even temperature, phenomena of a physical category, have on the living 
organism. These forces, in the hands of a scientist, have already been 
shown to produce considerable changes in the most hidden parts of an organ- 
ism, ^nz., the -germ-plasm. All these forces are produced artificially and 
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outside the organism. We know very little, however, about the existence of 
these forces in the living organism, and they are wondered at when they 
are occasionally discovered. Can an organism be a producer of heat, light, 
or electricity? The answer is— yes, for it has been readily detected. But 
can the organism be a source of ultra-violet rays, X-Rays, or other “un- 
usual” radiations? Wc are still in doubt about this. Many of us still 
answer — ‘ * impossible. ’ * 

Prom the studies of M-radiation we know now that the cells possess the 
ability of some energy emanation which has been likened to ultra-violet 
radiation of a definite wave length. The source of this energy emanation 
has been shown to be the property of living cells the activity of which stimu- 
lates some of the life processes. 8 

There are many possibilities that this theory will have a far-reaching 
application in the field of genetics. It is of interest to note that of the 62 
papers presented at the section of genetics at the New York meeting of the 
A. A. A. S. in 1928, 12 were devoted to the action of X-rays. 0 

The induction by M-Rays (mitogenetic rays), biophysical forces, at a 
distance, effects as far as we know at present, the division of nuclei and of 
chromosomes in toto. The possibility of a selective effect on parts of chro- 
mosomes is not excluded. The X-ray effect, if not selective, may at any 
rate, according to one theory, destroy a complete molecular complex com- 
prising a gene, thereby changing the balance. The result is the dislocation 
of other molecular parts in the field ereated by X-rays, and destruction of 
this group. According to another theory, X-rays rearrange the molecular 
structure of a part of a chromosome or of a gene. 

In all experiments with the breeding of Drosophila under varying 
temperatures, from 19° C. to 30° C., commercial yeast cultures belonging 

5 We can now almost suspect the close connection between the origin of vitamins and 
activity of this radiation. Both vitamins and radiation are essential in substances used 
by oiganisms as food. Vitamin D, as antirachitic, has been shown to depend somewhat 
on ultra-violet radiation. Here is a wide horizon for fruitful reseaieli and explanations. 

6 The molecular components of chromosomes, chromomeres, chromioles and even genes 
may be considered as the specific structural centers of organic function. We may assume 
that each molecular unit is produced from similar molecular units with no change in the 
chemical composition and with no changes in the physical properties. The chemical homo- 
geneity of the molecular units of the chromosome parts is the basic foundation of hered- 
ity. The production of more molecular units of the same character is only possible by 
longitudinal division of the chromosome ( “omnis molecula ex molecMHa"). This com- 
prises the equal division of every molecular component. Thus it repeats all the complex 
characteristics of a single gene complex comprising a chromosome. The biochemical and 
bio-physical activity of a single gioup of molecular units, not more than the size of octo- 
kaidekapeptid, or about 0.01 p, in bunches close together, may be identified with the 
activity of a gene which is conceived to be a complicated center of combined activity of 
a single group of molecular units. 
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to the strain of Saccharotnyces cerevisiae were used as food. According to 
some statements, the maximum multiplication and maximum number of 
mutations occur at a temperature close to 30 s C. I should like to point out 
the fact that the optimum of multiplication of yeast cultures of this par- 
ticular race occur at this same temperature or about 28°-29° C. 

Is the change in temperature itself the only cause of the increase of mul- 
tiplication and mutations of Drosophila? Or is it the result of radiation 
emanating from the yeast as well? We have no proof to confirm this, but 
it would be of interest to use different species of yeasts whose optimum mul- 
tiplication occurs at different temperatures from the above (below 19° or 
above 29® C.). A study of the progeny of Drosophila and of the number 
of mutations occurring under these new conditions may show some interest- 
ing results. 

The source of M-Rays (mitogenetic rays) in a living cell has not been 
definitely located, but it has been found already that not all the tissues of 
plants and animals possess this peculiarity in equal measure. The possibili- 
ties of the location of this activity in the nuclei or chromosome substances 
is not to be excluded. If it should prove to be the case that the radiations 
arise from the nuclei or chromosomes, a new page in the history of the study 
of gene activities will be opened. At present, however, we only know that 
there is a definite connection between the intensity of the metabolic proc- 
esses and the emanation of M-rays. 

Marine Biological Laboratory, 

Woods Hole, Massachusetts. 
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TOXICITY OF SOME ALIPHATIC ALCOHOLS 
Walt ee 8. Eisenmenger 
(with six figures) 

Previous investigations have revealed the importance of certain ions for 
plant life, and the use of mixtures of salts in aqueous solution containing 
these ions has led to a conception of a favorable medium for complete plant 
development. 

Nutritive value of solutions 

The researches of Knop (8, 9) and Birner and Lucanus (1) showed 
that higher plants require nitrogen, sulphur, phosphorus, calcium, magne- 
sium, iron and potassium ions in an aqueous solution about their roots. 

More recently McHaruue (19) has shown that in the total absence of 
manganese plants do not develop normally. Johnston and Dore (7), 
Sommer and Lipman (31), Sommer (30), and others have shown that boron 
is essential. Additional evidence [Sommer and Lipman (31)] has indi- 
cated that zinc is needed. 

The first investigation that led to a systematic testing of logically com- 
plete series of salt proportions was by Tottingiiam (32). This work, in 
addilion to that of Shive (29) and others, has indicated that best growth 
can be secured with a solution having an osmotic value of 0.25 to 2.50 
atmospheres. Very concentrated solutions may exert a physical influence in 
retarding the absorption of water by the plants, as well as a toxic effect, if 
their components are not properly balanced; extremely dilute solutions 
though practically non-toxic may fail to supply the essential chemicals rap- 
idly enough for best growth. 

Several improvements in solution-culture technique have been given 
attention by Trelease and Free (33), and Trelease and Livingston (34) ; 
of selecting seeds for uniformity of weight by Trelease and Trelease (36). 

Loeb (12, 13, 14, 16) was the first to describe the antagonistic action of 
salt solutions. He was the first to discuss clearly the difference between bal- 
anced solutions and nutrient solutions. Loeb discovered that young fish 
( Fundulus ) soon die if placed in a solution of NaCl of the concentration in 
which this salt is contained in sea water. When KC1 and CaCl 2 were added 
to the solution in the right proportions the fish could live indefinitely. 

Antagonism was considered by Loeb to depend upon an action of both 
salts and the egg membrane, whereby the membrane becomes nearly imper- 
meable to both salts. The toxicity of each salt in simple solution was 
assumed to be due to its diffusion through the membrane. 
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Obterhout ( 21 ) emphasizes the fact that the injurious effects of single 
salt solutions cannot be due to the lack of nutrients, for distilled water is 
less harmful than simple solutions. Obterhout ( 22 , 23 , 24 ) calls attention 
to the fact that in order to know the degree of antagonism, it is necessary to 
know the additive effect — the total toxic effect that the solution would exert 
if no antagonism existed and each simple solution exerted its toxic effect in- 
dependently. By comparing the additive effect with the effect in a mixed 
solution it can be seen whether the toxicity of the two salts is unaltered (the 
same as the additive effect), whether the toxicity is diminished (less than 
the additive effect), or whether the toxicity is increased (greater than the 
additive effect). 

With respect to the toxicity of the simple monohydroxy alcohols little of 
a quantitative nature has been reported. Richardson ( 27 , 28 ) states, re- 
garding their toxicity, that they change in character regularly as the carbon 
chain increases in length. He found the death point for Medusa in ethyl 
alcohol to be at a concentration of from 0.03 to 0.1 per cent. 

Hodge ( 6 ) found that when ethyl alcohol is present in yeast cultures to 
the extent of 0.01 per cent., 992 cells of yeast were produced instead of 2061 
under normal conditions. In this instance there was retardation of cell 
division due to the presence of alcohol. 

Rauher ( 26 ) used ethyl alcohol and found that roots of Impatiens were 
killed in a 5 per cent, ethyl alcohol solution. In a 20 per cent, solution 
Pinus larix turned yellow, and a 5 per cent, solution destroyed fungi when 
applied to soil around them. 

Maltaux and Massart ( 17 ) reported that in the case of Paramecium 
there was an increase in cell division when treated with dilute ethyl alcoholic 
solutions. This characteristic was later lost. 

Alcohols have been regarded as protoplasmic poisons. However, Daniel 
(3), who used two strains of Stentor, reports that these organisms can accli- 
mate themselves to a degree in very dilute solutions of ethyl alcohol. In a 
1 j>er cent, solution they lived as long as one week in a favorable condition. 
A 2 to 3 per cent, solution produced death after a period of six and two 
hours respectively. In a 4 per cent, solution they always died. They were 
not resistant to an $ per cent, solution but died in eighty to one hundred 
seconds. In a 1 per cent, solution of methyl alcohol Stentor became accli- 
mated to the medium. From the data cited, it seems that low concentra- 
tions of alcohol in these instances constituted a lethal dose for both plants 
and lower animals. 

For higher forms of animal life, Munch and Schwartze ( 20 ) found 
the average lethal dose for rabbits to be as follows : Cubic centimeters of 
alcohol per kilo weight : Methyl 18, ethyl 12.5, normal propyl 3.5, isopropyl 
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10, normal butyl 4.25, isobutyl 3.75, secondary butyl 6, tertiary butyl 4.5, 
isoamyl 4.25, secondary amyl 3.5, tertiary amyl 2.5. In this instance the 
order of relative toxicity is to a largo degree as it is in plant life. 

Criteria of growth 

In this investigation two criteria of growth were employed: (1) elonga- 
tion of roots of germinating soy-beans ; (2) the ash of the shoot (stem and 
leaf). The initial behavior of geminating beans involves less complexity 
within as well as without the organism than is involved in later phases of 
growth. In the initial stages of growth the plants arc well supplied with 
organic food from the seed, and the supply of salts is sufficient to afford 
protection from a condition of starvation of roots grown in distilled water. 
The protoplasm of the roots appears to be readily accessible to the toxic 
agent. 

The three salts, KH 2 P0 4 , Ca (NO,) j, and MgS0 4 , were chosen for the 
preparation of the control solution because of their importance in supplying 
ions needed in normal growth in plants. 

In an extended investigation Shive (29) found that wheat plants sup- 
plied with these three salts grew during the first four weeks after gemina- 
tion as well as they did in solutions containing a greater number of salts. 

In this investigation a study was made of the toxicity of the following 
alcohols: methyl, ethyl, normal propyl, isopropyl, normal butyl, isobutyl, 
secondary butyl, tertiary butyl, normal amyl, isoamyl, and normal hexyl, 
and also that of calcium nitrate. The concentration of each alcohol or salt 
ranged from 0.0012 M. to 0.06 M. (2, 5, 15, 30, 50, 85, 98, and 100 per cent, 
of 0.06 M.). Tests to show possible antagonism were made by using mixed 
solutions, each containing a normal alcohol and calcium nitrate — namely, 
methyl ) Ca (NO,).,, ethyl 4 Ca (NO,).,, normal propyl + Ca(NO„) 2 , normal 
butyl 4 CafNOJj, nomal amyl 4- Ca(NO,) 2 . With each concentration, ten 
sets of molecular proportions of alcohol and calcium nitrate were used as 
follows: Or 100, 24-98, 5 4-95, 15)85, 30 4-70, 50 4 50, 704-30, 85 4-15, 
98 4 2, 100 h 0. 

Methods 

The methods employed were essentially the same as those described by 
Tkelease and Trelease (36), and by Eikenmenoer ( 4 ). A pure line of 
soy-beans (Virginia) was used, secured through the courtesy of Professor 
J. E. Metzger, of the University of Maryland. The seeds were germinated 
on moist filter-paper in glass culture dishes in a dark room. 

For each culture two Pyrex beakers (tall form, without spout) were 
used. The smaller beaker was of 300-cc. capacity, the larger of 600-cc. 
capacity. Over the top of the small beaker was stretched a piece of paraf- 
fined mosquito netting, which was secured below the rim by a ligature of 
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paraffined linen thread. The smaller beaker was placed inside the larger 
one, and the culture solution was poured in until the liquid levels inside and 
outside the smaller beaker were even at its top. 

When the average length of the primary roots of the seedlings was about 
8 mm. selected seedlings were placed on the mosquito netting so that the 
roots dipped into the culture solution. Duplicate cultures, each of twenty- 
five plants, were used for each experimental solution. The cultures were 
placed in a dark room, and the seedlings were allowed to grow until the pri- 
mary roots of the control culture had acquired a length of about 95 mm. or 
until these roots had elongated 87 mm. (95 mm. minus 8 mm). 

The length of the primary root of each individual plant was then re- 
corded and the average computed. From this average was deducted the 
average length of the roots at the time when the seedlings were taken from 
the germination chamber. 

This difference constituted the average root elongation value for the cul- 
ture. Tile growth data presented in this paper are relative values. Each 
relative growth value was obtained by dividing the average elongation of a 
given culture by the average elongation of the control culture and multiply- 
ing this quotient by one hundred. 

Another criterion of growth was the relative ash content of the sliools 
of the seedlings. The shoots were cut from the wed when the roots had 
made new growth of about 87 mm. (95 mm. minus 8 mm.). The shoots were 
then placed in weighed porcelain crucibles and burned completely to ash in 
an electric furnace and weighed on an analytical balance. Here again, as 
in the root elongation data presented, values are relative. Each relative 
growth value was obtained by dividing the average ash weight of a given 
culture by the average ash weight of the control culture and multiplying 
this quotient by one hundred. 

The average temperature during the growth of the seedlings was 21° C. 
The average time required for the roots of the control solutions to acquire 
an additional length of 87 mm. was 98 hours. Four control cultures of 25 
plants each were used. Also, two distilled water cultures of 25 plants each 
were included in each series. The composition of the control solutions was 
as follows: 0.02 M. KH 2 P0 4 , + 0.02 M. Ca(NO,) 2 , and 0.02 M. MgS0 4 . 

The water used was obtained from a Barnstead still. The salts were 
“ Baker s analyzed,” and the alcohols were Eastman’s. The latter con- 
formed in boiling point to the standards usually ascribed to them. 

Results of tests with single alcoholic solutions and single salt solutions 

of calcium nitrate 

The relation between root elongation rates and volume-molecular concen- 
trations of single normal alcohol solutions and of single solutions of calcium 
nitrate are shown in the graphs of figure 1. 
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The abscissae represent volume-molecular concentrations, and the ordi- 
nates represent growth rates expressed as percentages of the root elongation 
in the three-salt standard or control solution. In each case all of the ob- 
served points are shown, and the curve represents what appears to be the 
general trend of the points. It will be observed that the seven graphs dif- 
fer greatly in form. 



Pio. 1. Elongation of soy bean roots in simple solutions of normal alcohols, and 
calcium nitrate. Ordinates represent percentage of elongation for standard solutions; 
abscissas represent volume-molecular concentrations. A. Calcium nitrate; B. Methyl; 
C. Ethyl ; D. N propyl ; E. N butyl ; F. N amyl ; G. N hexyl. 

Solutions of calcium nitrate 

The graph for Ca(N0 3 ) 2 in figure 1 rises from 0 molar to 0.0012 M. 
From 0.0012 to 0.03 M. there is a decided slope downward, and again a slight 
rise at 0.051 M. The unexpected growth at 0.0012 M. seems to indicate that 
for soy-beans in their early stages of growth, Ca(N0 3 ) 2 at very low concen- 
trations has a stimulating influence. Wheat seedlings do not show this in- 
creased growth effect at low concentrations (4). 

Solutions of methyl alcohol 

Solutions of this alcohol are slightly more toxic than distilled water. At 
the lowest concentrations it is slightly less toxic than distilled water and at 
higher concentrations, more toxic than distilled water. 

Solutions of ethyl alcohol 

Ethyl alcohol in its physiological action differs from other alcohols in 
that at very low concentrations it exerts a decided stimulating influence. It 
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allows a growth rate at 0.0012 M. greater than does a standard solution. As 
the concentration increases from 0.0012 M., there is a gradual increase in 
toxicity until it reaches the maximum strength used, 0.06 M. 

Solutions op normal propyl alcohol 
Normal propyl alcohol seems to be one of the most toxic alcohols. A 
solution of 0.003 M. concentration allows root elongation equal to 33 per 
cent, of the growth rate in a standard solution. The toxicity gradually in- 
creases with concentration until, at 0.06 M., the growth is equivalent to only 
7 per cent, of the growth attained in a standard solution. 

Solutions op normal butyl alcohol 
N-butyl alcohol is more toxic than methyl or ethyl alcohol throughout 
all concentrations, and less toxic than is N-propyl alcohol. It increases in 
toxicity with increased concentration. 

Solutions op normal amyl alcohol 
N-amyl alcohol is approximately as toxic as N-propyl alcohol. At con- 
centration 0.0012 M. it is slightly more toxic, and at concentrations 0.003 M. 
to 0.06 M. it is slightly less toxic than normal propyl alcohol at the same 
molar concentration. 


Solutions op hexyl alcohol 

Throughout all concentrations used except one (0.003 M.) this is the most 
toxic alcohol. At this concentration, propyl alcohol is slightly more toxic. 
This difference is so small, however, as to permit the statement that hexyl 
alcohol is the most toxic alcohol used. The roots in solutions of 0.03 M. to 
0 06 M. seemed to be killed soon after being immersed in the solution. 

Solutions op isopropyl alcohol 

There is little difference in the growth-retarding influence of isopropyl 
alcohol and methyl alcohol. From concentrations 0.0012 M. to 0.0018 M. 
this alcohol seems to be approximately as toxic as distilled water. At con- 
centrations higher than 0.0018 M. it is slightly more toxic than distilled 
water. It is one of the least toxic alcohols. 

Comparisons of growth in different alcohols 

It is interesting to institute comparisons between the physiological action 
of some of the alcohols that are similar in structure. Thus, comparing two 
alcohols of the same number of carbon atoms, propyl and isopropyl, it will 
be observed that they represent the extremes in their physiological action — 
the former exceedingly toxic, the latter relatively inert. 
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In a general way one might classify methyl alcohol and ethyl alcohol 
together in a group whose physiological action is somewhat alike. At very 
low concentrations they seem to have a stimulating effect, and at higher con- 
centrations they are less toxic than are the other alcohols. In a group show- 
ing high toxicity may be included normal propyl, normal amyl, and normal 
hexyl alcohol. The general outline of the growth curves seems to indicate 
that these produce similar toxicity, though not all to the same high degree. 
Normal butyl alcohol stands midway between these two classes in that it is 
moderately toxic. 

Butyl alcohols 

It has been stated by McCollum (18) that the toxicity of the alcohols 
increases with the increasing number of carbon atoms in the molecule, and 
that the normal alcohols are more toxic than those alcohols in which the 
atoms are not represented in a straight chain in the molecule. 

In fig. 3-B are presented the root elongation curves of the soy-bean in four 
butyl alcohols. At a low concentration, as 0.003 M., the root elongation in 
solutions of normal, secondary, and tertiary butyl alcohols is about the same. 
Prom 0.003 M. to 0.06 M. there is a decided increase in toxic effects of all 
three alcohols. This increase is most rapid in the case of normal butyl 
alcohol, less so in solutions of tertiary butyl alcohol, and least so in the case 
of the secondary butyl alcohol, lsobutvl alcohol throughout most of the 
different concentrations exerts the greatest toxic effect of all the butyl 
alcohols. However, at the low concentration of 0.0012 M. this seemingly 
toxic alcohol has a stimulating effect. This is of interest, since it illustrates 
the principle frequently stated in physiological literature, that dilute solu- 
tions of a substance which is toxic in higher concentrations may be expected 
to have stimulating effects. 


Amyl alooiiol 

Among the alcohols thus far discussed no two alcohols containing the 
same number of carbon atoms per molecule resemble each other more closely 
with respect to their influence on soy-bean seedling growth than do the two 
amyl alcohols — normal and isoamyl (fig. 3-A). At low concentrations the 
normal alcohol is somewhat more toxic than is isoamyl alcohol. 

General order of growth effects 

At the maximum concentration, 0.06 M., the order of toxicity from least 
to most toxic is as follows: methyl, isopropyl, secondary butyl, tertiary 
butyl, ethyl, normal butyl, isobutyl, isoamyl, normal propyl, normal amyl, 
normal hexyl. 

At a concentration of 0.03 M. the order of increasing toxicity is as fol- 
lows: isopropyl, methyl, ethyl, secondary butyl, tertiary butyl, normal 
butyl, isobutyl, isoamyl, normal amyl, normal propyl, normal hexyl. 
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The variation from minimum to maximum root elongation is greatest 
in the case of isobutyl alcohol, ranging from 20 per cent, (of the root elonga- 
tion in a control solution) at a concentration of 0.06 M. to 98 per cent, at a 
concentration of 0.0012 M. In methyl alcohol this variation is least, ranging 
only from 76 per cent, at 0.051 M. concentration to 88 per cent, at 0.009 M. 
Thus the seedlings grown in solutions of methyl alcohol are least affected 
by variation of molar concentration, and seedlings grown in solutions of 
isobutyl alcohol are most affected by variations of concentration. The 
growth data upon which the foregoing discussion is based are presented 
in table I. 

Concentration and toxic action 

An examination of the literature shows that a relatively simple relation 
between concentration and toxic action has been derived from some studies. 
Thus Chick (2), working on the effect of disinfectants on the period of 
bacterial survival was able to state the relation in simple mathematical 
terms. The process of disinfection was found to obey the laws of a mono- 
molecular reaction, characterized by a definite velocity constant; and a 
study of the velocity constants for a wide range of concentrations of the 
disinfectants showed that the velocity of disinfection is a power function 
of the concentration. 

Similar relations have been reported by Kronig and Paul (10), Paul, 
Bernstein and Reuss (26), and Falk and Winslow (6). The same idea 
is involved in the conclusion of LeRenard (11), who reported that the 
degree of toxicity of any solution may be calculated if we know the coeffi- 
cient of toxicity of the salt in question and its concentration in solution. 
Similarly, Osterhout (23) states that in most cases equally toxic solutions, 
if both solutions are diluted to the same degree, will remain equally toxic. 
It should be observed, however, that the results secured in the present study 
show that the order of toxicity of several alcohols is not always constant, 
but varies with the concentrations used. 

In the case of the alcohols and calcium nitrate, a mathematical expression 
has been derived from the data for each compound, which may be used to 
calculate the approximate relative growth at any concentration falling 
within the limits of those used — 0.0012 M. to 0.06 M. Thus in the exponen- 
tial approximation by method of least squares the following items are indi- 
cated; let a = average (of relative root length or average of relative ash 
content) ; m = the molar concentration ; e = Napierian base. 

For example, we may consider secondary butyl alcohol at a concentra- 
tion of 0.03 M. The expression for this compound when root length is con- 
sidered, is: a = 82.8e" 8m . Now by the theory of logarithms, log a = log 
82.8e - 6m log e, but in the Napierian system log e equals unity. Therefpre 
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log a=log 82.8 -6m or log a = log 82.8 - 6 (0.03) and by simplifying, log 
a = 4.416 -0.18 or 4.236. The number corresponding to this natural loga- 
rithm is 69. In this instance the calculated value is identical to that repre- 
senting the relative root length at the concentration of 0.03 M. 

The following are the values thus calculated : 



For root length 

For ash content 

1 Methyl 

a = 80.3e‘ 5m 

a = 48.9e‘ 13m 

2 Ethyl 

a = 108.5e‘ 18,4m 

a = 70.7e' n - 5 “ 

3. Normal propyl 

a = 41.4e- 51 ‘ m 

a = 36.7e‘ 8,,m 

4. Isopropyl 

a = 85.5e‘ s - 5m 

a = 57.6e Sm 

. 5. Normal butyl 

a = 74.1e' 18 *” 

a = 51.6e' ,4 - 9m 

6. Isobutyl 

a = 69.1e- ,45 “ 

a = 4 7e -i«.i» 

7. Secondary butyl 

a = 82.8e‘ 6 “ 

a = 50.5e Ilm 

8. Tertiary butyl 

a = 73.1e" 8Tra 

a = 50e* Sm 

9. Normal amyl 

a = 47.6e' M - 5ra 

a = 45.3e' 34 4m 

10. Isoamyl 

a = 66.7e- 35 7 '» 

a = 70e' 3M “ 

11. Normal hexyl 

a = 37.4e' ST - 3m 

a = 30.3e~ Mm 

12. Calcium nitrate 

a = 92.2e" 1, - 2m 

a = 77.6e' 5 - 3m 


Most of the values calculated compare favorably with the actual compara- 
tive measure of growth. However, in the case of the most toxic compounds, 
as hexyl alcohol, and the least toxic compounds, as methyl alcohol and iso- 
propyl alcohol, calculations may be considered as less applicable. The 
curves representing the toxicity of these compounds tend to flatten out at 
the low concentrations for the less toxic compounds, or at the higher con- 
centrations for the more toxic compounds. 

COHPABISON OP MOLECULAR CONCENTRATIONS PRODUCING EQUAL 
GROWTH RATES 

If any pair of curves discussed had the same slope, it would signify the 
existence of a constant ratio between the molecular concentrations of two 
solutions producing equal growth rates. Since the slopes are different, it 
is of interest to see to what extent the ratios differ, as indicated by table II. 

Physical constants as related to toxicity. — The results of these ex- 
periments did not seem to justify any statements regarding a relationship 
between such physical constants as density, specific heat, refractive index, 
molecular refraction, viscosity, and the toxicity of the alcohols used. 

Relation op toxicity to number op carbon atoms in the molecule 
op alcohol. — Only\by making an exception of normal propyl alcohol can it 
be stated that the* toxicity of normal alcohols increases with increase of 
molecular weight. ■ Incidentally, normal propyl alcohol is the only alcohol 
used, which is miscible in all proportions with both oil and water. 






TABLE II 

Molecular concentrations or single alcohol solutions required to produce various equal root elongations 



0.048 I , 0.0540 0.0552 0.0174 
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Ash of shoots 

The method of weighing the ash of the stems was adopted to furnish 
another criterion for determining growth rates. It was not anticipated 
that the growth rate as judged by root elongation would correspond pre- 
cisely with the growth rate as measured by the ash content of the stems of 
the same plant. But as the alcohols themselves furnish no ash constituents 
to the plant, this criterion of growth would, in a degree, give one an idea 
as to how much of the inorganic constituents were furnished by the seeds 
to the stem during a short growing period. 

It was found by comparison that the more toxic alcohols inhibit the 
transportation of plant nutrients from the seed to the stem, and that the 
ash content of the shoots of seedlings was a fair measure of growth. 

The average elongation of seedlings grown in distilled water was 85 
per cent, of the average elongation of seedlings grown in a control solution, 
and the average ash content of shoots grown in distilled water was 52 per 
cent, of the ash content of shoots grown in a control solution. These data 
alone reveal the fact that the graphs representing root elongation and the 
graphs representing ash content of shoots cannot run parallel. 

Figure 2 represents the relation between growth rates (as measured by 
ash content) and volume-molecular concentration of six normal alcohols, 
and of a single salt solution of calcium nitrate. The order of toxicity of 
the different alcohols throughout most of the concentrations is practically 
the same as the order illustrated in fig. 1, where root elongation is plotted 
against volume-molecular concentration. One of these exceptions is the 
case of normal propyl alcohol, which by ash content measurement seems 
slightly less toxic than amyl alcohol at high concentrations. In the case of 
the root-elongation measurements the former is seen to be the more toxic 
of the two. 

Even more pronounced is the difference in the configuration of the ash 
and elongation curves for Ca(N0 3 ) 2 (figs. 1 and 2). In the case of ash 
measurement the curve falls far more slowly than does the root elongation 
curve (fig. 2), where volume-molecular concentration is plotted against root 
elongation. In the former figure, the maximum concentration of Ca(NO,) 2 
does not appear to exert as much toxic influence as does distilled water. It 
seems that solutions of salts like Ca(NO s ) 2 must contribute directly to 
the ash content of the seedlings in early periods of growth. However, it is 
evident that in solutions of high concentration of Ca(NO s ) 2 , relatively less 
ash is transported to the seedlings than in cases where smaller amounts of 
the salt are present. 

When the seedlings are grown in various Ca(N0 3 ) 2 solutions, the mea- 
sure of growth, as indicated by root elongation, does not seem to bear a 
favorable resemblance to the growth as indicated by the relative ash content. 



EI8ENMENGER : TOXICITY OF SOME ALIPHATIC ALCOHOLS 


143 



Flo. 2. Ash of soy-bean shoots grown in simple solutions of normal alcohols and 
calcium nitrate. Ordinates represent percentages of asli for standard solution ; abscissas 
represent volume-molecular concentrations. A. Calcium nitrate; B. Methyl; O. Ethyl; 
I). Ethyl ; E. N butyl ; F. N amyl ; G. N hexyl. 

Solutions of propyl alcohols 

The relation of growth rate (as measured by relative ash content) and 
volume-molecular concentration of single solutions of normal propyl and 
isopropyl alcohol are shown in the graphs of fig. 4-C. The general direc- 
tional outline of each curve is not greatly different from that where the 
relation of root elongation to volume-molecular concentration is represented 
(fig. 3-C). However, as the initial point (distilled water) in each graph 
is lower than the initial point where the relationship of root elongation to 
volume-molecular concentration is shown, the curves representing measure- 
ment with respect to ash content are not as far apart. 

Solutions of butyl alcohols 

In comparing the toxicity of the different butyl alcohols it is found 
that the order of increasing toxic properties is as follows : secondary butyl 
alcohol, tertiary butyl alcohol, normal and isobutyl alcohol. The last two 
named have approximately the same degree of toxicity. In a general way 
it may be stated that the butyl alcohols as a class are of moderate toxicity 
as compared with the slightly toxic alcohols, methyl, ethyl, and isopropyl, 
and the extremely toxic alcohols, normal propyl, normal amyl, isoamyl, and 
normal hexyl (fig. 4-B). 

Solutions of amyl alcohols 

In fig. 4-A the relationship between gram-molecular volume and ash 
content of seedlings grown in the two different alcohols, amyl and isoamyl, 
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Ordinates represent percentages of elongation for standard solution; 
abscissas represent volume-molecular concentrations. 

is indicated. Again the normal alcohol is the more toxic, as in the case of 
the propyl alcohols. However, the difference in the case of the amyl alco- 
hols is not so pronounced. At high concentrations there is little difference 
in toxicity. Therels a marked similarity in outlines of curves as illustrated 
by figs. 3- A and 4-A. The data as to relative ash content of shoots grown 
in these alcohols are shown in table III, and the molecular concentrations 
of alcohol solutions required to produce equal quantities of ash in shoots 
is shown in table IV. 





0.0600 47,50 37,24 12,14 
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Ordinates represent percentages of ash for standard solution. 

Abscissas represent volume-molecular concentrations. 

Growth in mixtures of alcohol and calcium nitrate 
« 

It has been found that mixtures of certain salts have an ameliorating 
effect with respect to toxicity as compared with growth of seedlings in solu- 
tions when each of the salts is used singly. The ion that exerts the most 
antagonistic effect seems to be calcium. 

As previously stated, the author has attempted to determine the effect 
of a calcium salt on the growth of seedlings at different concentrations when 
the salt was mixed with certain normal alcohols— methyl, ethyl, propyl, 
butyl, and anjyL 




0.0162 0.051 0 0564 ' 0.0210 0.0390 
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In all instances but one, the toxic effect of these mixtures of alcohol and 
Ca(N0 3 ) s is greater than that of Ca(NO,) a when used alone, or of the 
alcohol when used alone. The one exception was methyl alcohol and 
Ca(NO,) 2 . At concentrations approaching a total concentration of 0.03 M. 
there was evidence of antagonism as indicated by relative root elongation. 

It will be observed from fig. 5 that the increased toxicity due to mixtures 
is much greater when one uses a very toxic alcohol, such as propyl or amyl. 
In case of these alcohols the general outline of the mixture curves resembles 
the curve of the alcohol used singly. 

Loew (16) stated that it was necessary for certain metal ions to com- 
bine in a definite ratio with the proteins of the plant in order to produce 
normal growth. It seems that in this instance there was no combination of 
alcohols and protoplasm, or, if there was, the resultant combination was 
inimical to proper growth. The alcohols seem also to have prevented 
Ca(NO g ) 2 from becoming inert; or, by preventing it from being adsorbed, 
subsequently prevented adsorption by the plasma membrane. 

Methyl alcoiiol and calcium nitrate. — Observation of the growth 
allowed by mixtures of methyl alcohol and Ca(NOJ 2 (fig. 5) reveals an 
example of antagonism. The root elongation in mixtures is higher than 
in solutions where Ca(N0 3 ) 2 was used alone, and in part greater than when 
methyl alcohol was used singly. However, high salt content and low alcohol 
content, or low salt content and high alcohol content of solutions afforded a 
medium for growth more favorable than the mixture. Only where the com- 
ponents of the mixture approach equality is there evidence of antagonism. 

Ethyl alcohol and calcium nitrate. — By referring to table V it will 
be found that in the mixtures of ethyl alcohol and Ca(N0 3 ) 2 , where the 
components were present in equal molecular quantities, the root elongation 
was slightly less than the root elongation when the same amount of 
Ca(NO*) 2 was used alone. However, the root elongation when equal quan- 
tities of the components were employed was 22 per cent, less than the root 
elongation, when ethyl alcohol alone was used in the same concentration 
as was used in the mixture. 

It seems that the root elongation in mixtures containing high propor- 
tions of Ca(NO a ) 2 and small proportions of ethyl alcohol was not much 
different from the root elongation in solutions containing high proportions 
of ethyl alcohol and small proportions of Ca(NO s ) 2 . 

Normal propyl alcohol and calcium nitrate. — From fig. 5, it is evi- 
dent that throughout all concentrations there is a marked increase of 
toxicity as indicated by root elongation when the mixtures of propyl alcohol 
and Ca(NO„) 2 are used. At no point on the graphs do the lines intersect. 
The growth in a 2 per cent, solution of 0.06 M. Ca(NO s ) 2 is 100 per cent, 
better than in a solution containing a mixture of 2 per cent, solution of 
0.06 M. Ca(NO s ) 2 and 98 per cent, of 0.06 M. normal propyl alcohol; and 
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Fio. 5. Elongation of soy-bean roots in mixed solutions of aleohol and calcium 
nitrate, and in simple solutions of these alcohols and calcium nitrate in the concentra- 
tions in which they exist in the mixed solutions. Ordinates represent percentages of 
elongation for standard solution; abscissas represent molecular proportions. 
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Fig. 6. Ash of soy-bean shoots grown in mixed solutions of alcohol and calcium 
nitrate, and in simple solutions of these alcohols and calcium nitrate in the concentra- 
tions in which they exist in mixed solutions. Ordinates represent percentages of ash 
for standard solution ; abscissas represent molecular proportions. 
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a solution containing 2 per cent, of 0.06 M. normal propyl alcohol and 98 
per cent, of 0.06 M. Ca(N0 2 ) 2 allows a growth that is 36 per cent, less than 
the growth in a solution containing 2 per cent.of 0.06 M. propyl alcohol 
singly. 

Normal butyl alcohol and calcium nitrate. — The toxicity of mixtures 
of normal butyl alcohol and Ca(NO s ) 2 is found to be greater than when 
each of the components was used singly. This increased toxicity is not so 
pronounced as in the case of normal propyl alcohol, yet it is obvious as 
seen in fig. 5. 

A solution containing the components 98 per cent, of 0.06 M. Ca(NO*) g 
and 2 per cent, of 0.06 M. normal butyl alcohol allows a growth rate 22 per 
cent, less than does a solution containing 2 per cent, normal butyl alcohol 
used singly. The components 15 per cent, of 0.06 M. Ca(NO s ) 2 and 85 per 
cent, of 0.06 M. normal butyl alcohol allows a growth rate that is 68 per cent, 
less than the growth in a solution 15 per cent, of 0D6 M. Ca(N0 8 ) 2 solution 
used singly. 

Normal amyl alcohol and calcium nitrate. — Normal amyl, one of the 
most toxic alcohols used, when mixed with Ca(NO g ) 2 exerts a marked 
increase of toxicity as compared to the growth when each of the components 
was used singly. As the toxicity of normal amyl alcohol resembles the 
toxicity of normal propyl alcohol in some respects, so the increased toxicity 
due to mixing normal amyl alcohol and Ca(NO s ) 2 is comparable to the 
increased toxicity of mixtures of normal propyl alcohol and Ca(NO.,) 2 over 
solutions of the components used singly. 

Throughout all concentrations this increased toxic effect prevails. The 
growth in a solution containing a mixture of 2 per cent, of 0.06 M. amyl 
alcohol and 98 per cent, of 0.06 M. Ca(NO„) 2 is about 24 per cent, less than 
the growth in a single solution containing 2 per cent, of 0.06 M. amyl 
alcohol. 

The growth allowed in a solution containing a mixture of 98 per cent, 
of 0.06 M. normal amyl alcohol and 2 per cent, of 0.06 M. Ca(N0„) 2 was 100> 
per cent, less than in a single salt solution containing 2 per cent, of 0.06 M. 
solution of Ca(N0 2 ) 2 . 

The growth in a solution containing a mixture of Ca(NO.,)„ and amyl 
alcohol was approximately the same as the growth in a single solution of 
hexyl alcohol, comparing solutions having equal molar quantities of alcohol. 

Comparisons op two criteria op growth in mixtures. — The difference 
between the growth in single alcohol solution and the growth in solutions 
containing alcohol and Cp(NO t ) t is usually less when the relative ash con- 
tent is used as a criterion than when the root elongation is used. 

There are some individual differences also which are noticeable. The 
degree of antagonism — increased growth in solutions of mixtures over that 
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in single solutions — is shown to be numerically higher when the criterion 
of ash weight is used as a basis of growth measurement. This feature seems 
evident when the difference in growth between that in single methyl alcohol 
solutions and growth in mixtures of methyl alcohol and Ca(N0 8 ), is noted. 
On the other hand, when the ash criterion is used, the difference in growth 
in a single solution of Ca(NO s ) 2 and the growth in a solution containing a 
mixture of Oa(NO s ) 2 and methyl alcohol indicates an increased toxic 
effect. But when the rate of root elongation is used as a criterion the data 
indicates for the same instance, antagonism. 

Another example where the two methods of measuring growth seem to 
vary is the case of normal butyl alcohol. The curves (fig. 6) indicate that 
there is little difference between the growth of seedlings in normal butyl 
alcohol used singly, and in mixtures of normal butyl alcohol and Ca(NO„) 2 . 
On the other hand, when the root elongation is the criterion (fig. 5) the 
growth rate appears to be considerably higher in the case of single solutions 
than in the corresponding mixture. 

Summary 

A study was made of elongation of soy-bean roots and the ash content 
of the shoots of these plants with simple solutions of calcium nitrate and 
the following alcohols: methyl, ethyl, normal propyl, isopropyl, normal 
butyl, isobutyl, secondary butyl, tertiary butyl, normal amyl, isoamyl, and 
normal hexyl. The single solutions varied in concentration from 0.0012 M. 
to 0.06 M. With each total concentration nine different sets of alcohol 
proportions were tested. Soy-bean seedlings having roots with an initial 
length of about 8 mm. were placed in the culture solutions and grown in 
darkness. Each test was terminated when the roots in a standard solution 
had attained a length of 95 mm. Amounts of root elongation, expressed 
as percentages of the elongation in the standard solution were used as the 
basis for quantitative comparisons of the physiological effects of the culture 
solutions. Amounts of ash of shoots, expressed as percentages of the ash of 
shoots in standard solutions were also used. The principal results and con- 
clusions follow 7 : 

1. With the exception of the less toxic alcohols, the root elongation and 
ash content of shoots were lower in single alcohol solutions than in distilled 
water. Elongation was inversely related to concentration, but no simple 
rule applicable to every case can be formulated regarding the relationship 
of toxicity to concentration over the range of concentrations tested. 

2. Single solutions of ethyl alcohol and of calcium nitrate at low concen- 
trations exert a stimulating influence for increasing growth. At a concen- 
tration of 0.0012 M. these afford a medium for growth better than that of a 
standard solution. This stimulating influence is less pronounced in the 
case of isobntyl and isopropyl alcohol. 



154 


PLANT PHYSIOLOGY 


3. When root elongation is the criterion for growth, the order of toxicity 
(from least to most toxic) for moderate retardation (0.003 M.) is as fol- 
lows: isopropyl, methyl, ethyl, secondary butyl, calcium nitrate, normal 
butyl, isobutyl, tertiary butyl, normal amyl, normal propyl, isoamyl, and 
normal hexyL For high retardation (0.06 M.) the order is as follows: 
methyl, isopropyl, secondary butyl, calcium nitrate, ethyl, normal butyl, 
isobutyl, normal propyl, tertiary butyl, normal amyl, isoamyl, and normal 
hexyl. 

4. When relative ash content is used as a criterion, the order of toxicity 
(from least to most toxic) for moderate retardation (0.03 M.) is as follows : 
calcium nitrate, secondary butyl, ethyl, isopropyl, tertiary butyl, methyl, 
isoamyl, normal butyl, isobutyl, normal propyl, normal amyl, normal hexyl. 
At high retardation (0.06 M.) the order is as follows: isopropyl, calcium 
nitrate, tertiary butyl, secondary butyl, methyl, ethyl, isobutyl, normal 
propyl, normal butyl, isoamyl, amyl, normal hexyl. Relatively more ash 
was found in shoots grown in a solution of 0.0012 M. Ca(NO,) z than in 
those grown in solutions of higher concentration. 

5. When seedlings were grown in mixtures of calcium nitrate and methyl 
alcohol there was evidence of slight antagonism — the solutions were not 
quite as toxic as when the components were used singly. When the indi- 
vidual alcohols, ethyl, normal propyl, normal butyl, and normal amyl were 
used in mixtures with calcium nitrate, the toxic effects were increased — the 
toxic effect of the mixtures was greater than the toxic effect when the com- 
ponents were used singly. This increase was most pronounced when nor- 
mal amyl was used in mixtures with calcium nitrate. 

6. The toxicity of alcohols does not seem to increase regularly with 
increased number of carbon atoms in the molecules. Not in all instances 
is the normal alcohol more toxic than the iso-alcohol. 

7. Equations are given for computing approximate growths. 

Hahnemann Medical Colleoe. 

Philadelphia, Pa. 
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CHANGES IN THE COMPOSITION OF THE TOMATO PLANT 
ACCOMPANYING DIFFERENT STAGES OF YELLOWS 1 -* 
Michael Shapovalov and H e n e t A. Jones 
Purpose of this investigation 

In 1927 Rosa* published data which show that tomato yellows is char- 
acterized by definite changes in chemical composition in all parts of the host 
plant. His material was collected from healthy as well as from the affected 
plants showing different degrees of severity of the disease. Not only were 
the amounts of certain constituents in healthy plants different from those 
in blighted plants, but there was also a considerable variation in the com- 
position of the different diseased samples. However, it was not apparent 
that this variation was definitely associated with different stages of the 
disease, since the samples obtained from different plants and on different 
days were not strictly comparable. Furthermore, the identification of the 
disease in the case of Rosa’s material was based exclusively on external 
appearances of the plants used. There was no knowledge of either the 
previous history or the etiology of these abnormal appearances. It was not 
certain that the results obtained with this material could likewise be applied 
to the seemingly identical pathological phenomenon induced by the curly- 
top virus through the medium of the beet leafhopper, Eutettix tenellus 
Baker. 

It still remained to be shown, therefore, whether the peculiar chemical 
changes observed in connection with tomato yellows accumulate in the plant 
gradually as the diseased conditions become more and more severe, and 
whether the field phenomenon known as tomato yellows is identical in its 
inner processes as well as in its extrinsic symptomatology with the disease 
caused by the curlytop virus. To show this, it was necessary to use arti- 
ficially inoculated material and to analyze different stages of the disease 
as represented by different plants on the same day, as well as various stages 
of yellows shown by the same plant on different dates. In addition to this, 
it appeared desirable to ascertain whether there is a difference in the re- 
sponse to the yellows infection between the known resistant and the sus- 
ceptible varieties. For this purpose several resistant strains developed 

1 Tomato yellows is the same disease which in the previous literature was designated 
as western yellow blight. See U. S, Dept. Agr. Misc. Publ. no. i3. 

* Joint contribution from the Bureau of Plant Industry, U. S. Department of Agri- 
culture, Washington, D. 0., and the Division of Truck Crops, University of California, 
Davis, California. 

a Rosa, J. T. Chemical changes accompanying the western yellow blight of tomato. 
Plant Physiol. 2: 163-169. 1927. 
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by Dr. J. W. Lesley were used. It was Dr. Rosa’s intention to continue 
the work along the lines indicated above, but these plans were left unful- 
filled because of his untimely death. The writers considered it very urgent 
to complete this phase of the work. The inoculations were made and the 
samples preserved at the Citrus Experiment Station, Riverside, California; 
the analyses were made in the division of Truck Crops, Davis, California. 4 

Methods employed 

To obtain the diseased samples for analytical purposes a number of 
plants were inoculated by allowing viruliferous beet leafhoppers to feed on 
these plants. The following method of inoculation was followed: A cel- 
luloid cell, about 5 inches long and 2.5 inches in diameter, with muslin 
ends, was placed over the tip of each plant, and several insects injected 
into each cell. The number of insects used in different series of inoculations 
varied from 5 to 20, but each plant in a given series received the same 
number. Likewise the period during which the insects were allowed to feed 
on the plant varied in different series from 2 to 6 days, but it was the same 
for every plant in a given series. One series was inoculated in November, 
1927 (table I), one in the spring of 1928 (table II) and one in the summer 
of 1928 (table III). When possible, samples were taken at different inter- 
vals from the same inoculated plants, as well as from the same healthy 
plants used for checks. 

The plants used can be identified by their numbers in each series. In 
the first series inoculated plants nos. 2 and 3 were omitted and a new plant 
no. 5 was introduced, for the reason that the former did not develop the dis- 
ease while the latter did. Plant no. 1 in the second series was used in its 
entirety during the first sampling on June 16. No substitution for the 
check plants was made in any of the series. Samples in series no. 3 (table 
III) were taken in Dr. J. W. Lesley’s field. The following types of ma- 
terial were selected: (a) Uninoculated healthy plants; (b) plants inocu- 
lated, but showing no symptoms of yellows; (c) plants showing an early 
or medium stage of yellows, represented by a complex of symptoms pre- 
ceding distinct yellowing, and (d) plants showing a late stage of yellows, 
when the characteristic sulphur-yellow discoloration is well marked. De- 
tailed descriptions of tftese samples and the results of the analyses are given 
in Tables I, II, and III. 

Fifty-gram samples were collected shortly before noon. They were 
immediately preserved in boiling 95 per cent, alcohol. After drying the 
solid portion of the sample, and grinding, extraction was completed with 
50 per cent, alcohol. Carbohydrates were determined by the method used 

* Acknowledgment is made to Harold I. Sxfman for performing the analytical woik 
and to F. Sidney Beecher for assistance in preparing the samples. 
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Composition or inoculated tomato plants in different stages or the development of \ ellows in comparison with uninoculated healthy 
checks. Series 1, inoculated November 9, 1927. All plants except ciifcks were inoculated. Results 
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by Bibson and Sewell 8 — sucrose after inversion with invertase (i cc. in 
100 for 24 hours), and starch after autoclaving for one hour and digesting 
with a buffered solution of taka-diastase (pH = 4.66) for 24 hours. A blank 
was run using soluble starch, and the factor from that recovery was used 
to calculate the results of the other starches. Total nitrogen was deter- 
mined by the official Gunning method. Nitrogen was determined separately 
on aliquots of the insoluble and alcohol-soluble portions of each sample. 

Results of the analyses 

The results obtained with artificially inoculated tomato plants are in 
general accord with the data published by Rosa. The composite samples 
listed in table III gave the closest parallel to Rosa’s findings which likewise 
were based on composite samples. The behavior of individual plants, how- 
ever, shows considerable variation, although the main process in the affected 
plants appears to be the same as indicated by composite samples. 

Dry matter . — The percentage of dry matter always appeared to be 
greater in both leaves and stems of the plants inoculated with viruliferous 
beet leafhoppers, after the infected plants developed external symptoms of 
yellows, than in those of healthy checks. This is true of the tested resis- 
tant selections as well as of the susceptible variety, Stone. When inocu- 
lated plants failed to develop visible symptoms of the disease the amount 
of dry matter was about the same as in corresponding checks, as shown by 
plants 4 and 5 in table II. Advanced stages of yellows, whether in one and 
the same plant or in different plants, in the case of susceptible as well as 
resistant strains, were accompanied by larger amounts of dry matter than 
medium or initial stages. An exception is presented by leaves of plants 
2 and 3 in table II, which showed practically unchanged percentage of dry 
matter at two different samplings made two weeks apart, although in both 
cases higher than in checks on same dates. These plants also revealed an 
increase in total and insoluble nitrogen and a decrease of its soluble portion. 
During the winter months (series 1) the percentage of dry matter increased 
in the healthy check plants also, although this increase appeared to be 
limited to the leaves and was not apparent in the stems. 

Carbohydrates .-* Leaves and stems of the inoculated plants of all the 
tested strains showed decidedly higher carbohydrate contents than in the 
case of uninoculated checks on the same dates. The results obtained with 
composite samples were again most strikingly consistent, especially with 
stems of these samples. Plants showing advanced symptoms of yellows, 
as a rule appeared to be more abundantly supplied with carbohydrates than 
those which were still in earlier stages of the disease, although there were 

* Bisson, C. S., and Sewell, J. Gordon. T1i« estimation of cnprous oxide produced 
in sugar analysis. Jour. Assoc. Offic. Agr. Chera. 10: 120-124. 1927. 
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a few Insignificant exceptions. While sugars as well as starch tend to ac- 
cumulate in the inoculated and affected plants, this process is particularly 
pronounced and constant in the case of starch. 

Nitrogen . — Changes in the nitrogen contents in connection with the 
development of yellows in artificially inoculated plants were somewhat 
variable although the general direction in which these changes proceed 
may still be recognized. There was a tendency for total nitrogen to de- 
crease in the affected leaves at the expense of the insoluble fraction, as is 
well shown by the composite samples of series 3 (table III) and by the 
resistant individual plants in series 2 (table II, B). Stems of the same 
plants, on the contrary, showed a decided tendency for total nitrogen to 
increase. The data obtained with leaves and stems of the affected sus- 
ceptible plants are somewhat contradictory. The same lack of complete 
uniformity may be observed with respect to the percentage of soluble 
nitrogen. It is higher in the composite samples of series 3 and the resis- 
tant individuals of series 2, both in leaves and stems, but the susceptible 
variety, Stone, showed different tendencies in different plants with no dis- 
tinct difference between the leaves and the stems. 

Internal vs. external changes . — The composition of individual plants 
in different stages of the development of yellows show’s very clearly that 
the accumulation of dry matter, starch and sugars, is progressive and 
gradual, and as a rule corresponds to the severity of the external symptoms 
of the disease. With some plants this internal process is more marked in 
the leaves, with others, in the stems. 

With respect to nitrogen, our results do not indicate any gradual or 
progressive changes which are consistent. Plant 4 in series 1 showed a 
decrease in both total and insoluble nitrogen in leaves, and their increase 
in stems, whereas quite opposite changes seemed to take place in plant 5 ; 
the percentage of the soluble fraction increased in the leaves of both plants, 
while showing a tremendous decrease in the stems. The predominating 
tendency in series 2 was more apparent than in series 1. With the excep- 
tion of sample 4, there was a decided increase in total nitrogen and its 
insoluble fraction in the leaves and stems. Sample 4 showed a decrease of 
these constituents in the leaves and their increase in the stems, quite like 
plant 4 in series 1. ‘ The most surprising phenomenon was the decrease in 
the percentage of soluble nitrogen in the leaves, particularly in the case 
of samples 2, 3 and 4. With one exception, there was an increase of this 
fraction in the stems. 

It is difficult to explain the striking decrease of soluble nitrogen in the 
leaves of plants 2, 8 (inoculated and diseased) and 4 (inoculated but not 
externally diseased) of series 2 on the basis of the present limited knowl- 
edge of internal chancres that accomnanv the Dhenomenon known as tomato 
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yellows. It is possible that this decrease was due to the inactivation of 
virus, and the resumption of growth by the inoculated plants. This re- 
newed growth activity may account for the decrease in the percentage of 
nitrogen in the soluble fraction. 

Conclusions 

1. Chemical changes accompanying external symptoms of tomato yel- 
lows produced by artificial inoculations with curlytop virus are essentially 
identical with those which accompany a similar complex of symptoms ob- 
served in the field and formerly known under the name of western yellow 
blight and other synonyms. 

2. Among these changes the increase of dry matter and the accumulation 
of starch and sugars in the leaves as well as in the stems of the inoculated 
and naturally affected plants appeared to be constant and should be 
regarded as a condition characteristic of this virus malady. 

3. Changes in the amounts of nitrogen are variable. There is often a 
decrease of total nitrogen, particularly in the leaves, at the expense of its 
insoluble fraction, with an increase in the percentage of the soluble por- 
tion. However, these changes are not constant and therefore may not be 
typical for tomato yellows. 

4. The carbohydrate accumulation in the same plant is progressive, and 
larger amounts of these constituents are definitely connected with more 
severe external symptoms. 

5. Resistant strains show essentially the same response to the yellows 
infection as do susceptible strains when composite samples taken on the 
same day are compared: A definite increase in the carbohydrate contents 
and an apparent tendency toward the increase in the soluble nitrogen and 
the decrease in the total and the insoluble portions in the leaves and vice 
versa in the stems, with some exception in the composite samples. 

U. S. Department of Agriculture, 

AND 

University of California, 

Davis, California. 




THE FOURTH PACIFIC SCIENCE CONGRESS 
K. M. Harvey 
(with seven figures) 

The Fourth Pacific Science Congress was held in Batavia and Bandoeng, 
Java, May 16 to 25, 1929, under the auspices of the Netherlands Indies 
Science Council acting as a member of the Pacific Science Association. The 
Netherlands East Indies government cooperated with the Council in every 
way to assure the success of the Congress. 

Overseas delegates were guests of the Netherlands East Indies govern- 
ment and Science Council, not only during the actual duration of the meet- 
ings, but also for all the numerous excursions provided from May 12 to 
June 5, throughout Java and neighboring islands. In his address which 
officially opened the meeting in Batavia, His Excellency, the Governor Gen- 
eral of the Netherlands Indies, pleasantly expressed the hope that the 
American delegates 'would experience a * ‘ Dutch treat” in a sense otherwise 
than the one in which the term is often used “rather ungraciously to Dutch 
hospitality.” It may be said with full assurance that His Excellency’s 
hope was completely realized ! Space will not permit so much as mention 
of the numerous interesting and -sometimes highly instructive entertain- 
ments offered the delegates. Scarcely more than mention can be made of 
the principal excursions of interest to botanists and agriculturists. It may 
be added in passing, that the special scientific excursions were probably of 
equal, and sometimes of greater value than the meetings themselves. When 
one considers how full of treasures of scientific interest is that region of 
the world, it is not difficult to understand the enthusiasm of the delegates 
for studying nature in the East Indies first hand. The administration of 
the Congress anticipated this desire and provided for it most generously. 

In attendance were 191 delegates (members) and perhaps 75 to 100 
participants. Fig. 1* shows the group of delegates and participants and 
fig. 2, the Executive Committee of the Congress. Twenty-four countries 
were represented. Among the fifty or more delegates who may be classi- 
fied as Botanists, a few will be mentioned as follows : Dr. D. van Leetjwen, 
Director of the Botanical Gardens, Buitenzorg; Dr. F. von Faber, Direc- 
tor of the Treub Laboratory, Buitenzorg; Dr. M. Myoshi, Emeritus Pro- 
fessor of Botany, Tokyo Imperial University ; Dr. F. A. F. C. Went, Pro- 
fessor of Botany, University of Utrecht, and President of the Royal 
Academy of Sciences, Amsterdam ; Dr. C. J. Skottsberg, Director, Botanic 
Gardens, Gothenburg, Sweden; Dr. E. J. Goddard, Dean of Agriculture, 

* The figures are copied from illustrations furnished by the Congress. 
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University of Queensland, Brisbane ; Dr. H. Hottobi, Director, Tokugawa 
Biological Institute, Tokyo; Dr. W. A. Setchell, University of California; 
and Dr. F. V. Coville, U. S. Department of Agriculture. These are but a 
few of the distinguished members of the Congress, and other equally dis- 
tinguished technical agriculturists and biochemists were in attendance. 
At least one should mention the name of Dr. 0. de Vbies, Director of the 
Rubber Experiment Station, Buitenzorg, and President of the Science 
Congress. Three members of the American Society of Plant Physiologists 
were present; namely, Dr. K. Koriba, Professor of Botany, Kyoto Imperial 
University; Dr. G. A. C. Hebklots, University of Hong Kong; and the 
writer. 



Fio. 1. Delegatee and participants to the Fourth Pacific Science Congress, 
Bandoeng, Java , May, 1929. 


The meetings were opened officially in Batavia, May 16, but the scien- 
tific program did not commence until May 18 in Bandoeng, where the meet- 
ings continued to May 25. Bandoeng was regarded as a more favorable 
location for the meetings than Batavia, on account of its higher altitude 
(2100 ft.) and consequent lower temperature. 

One special feature of the program were the several symposia on topics, 
some of which were of general interest, and others of interest only to 
specific groups. The “case of Krakatau” and “Protection of Nature 
around the Pacific” are examples of the programs of general interest, while 
among those of more specific interest in the field of Botany and Agriculture, 
may be named the following : Rice problems, breeding and selection of cer- 
tain crop plants, including rubber, sugar cane, coffee, etc. ; forestry prob- 
lems; soil technology; and plant geography. 
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Fig. 2. Executive Committee of the Congress. 

Standing, left to right: Dr. C. E. Stehn, Chief, Vulcanological Survey; Dr. J. 
Stroombebg, Chief, Division of Commerce, Department of Agriculture, Industry, and 
Commerce; Dr. W. F. Gisolt, Petrographer, Geological Survey; Dr. S. W. Visser, sub* 
director, Royal Magnetic and Meteorological Observatory; Dr. H. J. T. Byhmer, Military 
Surgeon and Anthropologist; Dr. K. W. Dammermann, Chief, Zoological Museum and 
Laboratory, Buitenzorg; Dr. J. T. White, Chief, Pedological Institute and General Agri- 
cultural Experiment Station. 

Sitting, left to right: Dr. H. M. Hirscheield, Officer, Java Bank; Dr. W. M. 
Docters van Leeuwen, Director Buitenzorg Botanical Gardens; Dr. J. Clay, Professor 
of Physics, Technical Faculty, Batavia; Dr. O. de Vries, Director, Rubber Experiment 
Station, and Professor of Chemistry on the Medical Faculty, Batavia (President of the 
Fourth Pacific Science Congress) ; Dr. II. J. Lam, Herbalist, Botanic Gardens, Buiten- 
zorg; A. C. ns Jong, Director, Geological Survey; and Dr. J. J. B. Dettss, Director Tea 
Experiment Station, Buitenzorg. 

Bice is of so vast importance to the Eastern countries, that its problems 
were allowed considerable space on the program. In Java alone, the rice 
production is about 7J million tons per annum, grown on 8,000,000 acres. 
While even in Java the rice growing is entirely in the hands of the natives, 
the Dutch experiment stations attempt to give the industry every possible 
aid in improving varieties and cultural practices. The symposium on rice 
problems was opened by an extensive report on the economic situation by 
Mr. M. B. Smits of the Division of Agricultural Economics of the Nether- 
land East Indies, but the other papers and discussions were concerned 
mostly with such questions as fertilizers, the relation of temperature and 
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irrigation water to growth and yield, and the production of superior 
varieties. Fig. 3 shows rice fields near Bandoeng. 

At the present time, all the rubber in the East Indies is derived from 
Hevea brazUiensis, or rather varieties developed from it. Extensive inves- 
tigations are being carried on in the breeding and selection of superior 
varieties; physiology of latex secretion; methods of tapping; preparation 
of the sap and its chemical composition; methods of propagation; and the 
combatting of pests. As a part of the selection work, records of individual 
tree yields are kept on all estates, and as soon as any tree shows unusual 
performance, it is officially recorded as a “mother tree,” that it may serve 
later as material for further improvement. 

Papers of the above nature were presented also for such crops as coffee, 
tea, cocdanuts, oil palms, and sugar cane. 

■ The work on sugar cane seemed of especial value. By cultural im- 
provements and the development of resistant varieties, the “sereh” disease 
has been practically conquered. In the breeding experiments aimed at the 
production of disease resistant and high yielding varieties, it is interesting 
to note that there appears to be a correlation between the number of chromo- 
somes and the size, vigor, and sugar content of the cane. 

In Plant and Animal Geography, the most popular discussions revolved 
around the history and development of the flora and fauna of the Krakatau 
Islands since the great eruption in 1883. The popularity of such discus- 
sions was greatly augmented by the delightful excursion which had been 
made to Krakatau, May 12 and 13. Fig. 4 shows the east side of the island, 
and its coastal vegetation. 

The “Wallace- Weber line” drew some fire, but in the end it seemed 
that no distinct damage was done it. 

A very interesting paper was read by Dr. von Faber, Director of the 
Treub Laboratory on the subject: “The Physiology of the Mangroves.” 
A careful study had been made on these plants, both in situ and in experi- 
mental culture in the laboratory. The result was a detailed record of the 
fluctuations of the environment and the internal adjustments of the plants 
to those fluctuations. When a plant is removed from a nutrient solution, 
with addition of 2-3 per cent. NaCl to one with 8 per cent. NaCl, there 
is an impediment to the “auction” of the roots, so that a small deficit arises 
between absorption and transpiration. The water tissues begin to get thin, 
while assimilation leaves remain turgescent. When the latter conditions 
remain unchanged, transpiration is greatly reduced by the closing of 
stomata. The roots begin their regulating activities, the deficiency is wiped 
out, and transpiration becomes normal. The “saltstorers” (e.g., Avicennia 
officinalis) make tins adjustment in one to two hours, and the “non-salt- 
storers” (e.g. > jgjf 0ophora spp.t) in four to five hours. When the plant is 
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Fig 3 Irrigated iue fields (Sarahs) near Bandoeng, Jaui 



Fig 4 East side of Rakata or Krakatau Island m the Sunda Strait The island 
is 2300 ft high, and has reforested since 1883 to the 2000 ft line The northwest 
Bide of this peak is the pieupitous cliff of Krakatau which is always shown m the geo 
logical photographs. 
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returned to a 3 per cent. NaCl solution, a surplus of water accumulates and, 
just as at high tide, the leaves of the non-saltstorers take on a glassy appear- 
ance. But the saltstorers, through their rapid root regulation and secretion, 
quickly adjust themselves. Osmotic pressure is greatest at low tide at 
which period the leaves of Rhizophora have shown 148.4 atmospheres and 
the roots 98.6 atmospheres. The respective values for Avicenwia were 
162.2 and 96.0 atmospheres. At the end of high tide Rhizophora showed 
77.8 and 46.4 atmospheres for leaves and roots respectively. Correspond- 
ingly, Avicennia showed 82.0 and 50.3 atmospheres. Experimentally 
Aviceimia could be induced to develop 205 atmospheres in the leaves, with 
transpiration still “very liberal.” 

Regarding the scientific excursions of the Congress, much might be writ- 
ten, and it requires considerable restraint to pass them by with a mere 
mention of those of special interest to Botanists and Agriculturists, as fol- 
lows: Krakatau Islands in the Sunda Strait ; Coral Islands in Batavia Bay ; 
the famous Botanical Gardens and laboratories (see fig. 5 for the famous 
Treub Laboratory) in Buitenzorg; the high altitude Botanical Garden and 
virgin tropical rain forest at Tjibodas on Mt. Gede, fig. 6 ; to the crater of 
the active volcano, Mt. Tankoeban Prahoe, near Bandoeng; Mangrove, 
swamps of the Kinderzee and Noesa Kambangan on the south coast of Java 
near Tjilatjap — on Noesa Kambangan is also a low altitude tropical rain 
forest, which is the home of the huge parasitic flower Rafflesia patma, fig. 
7; to Madoera island off the northeast coast of Java; to the Tengger moun- 
tains at Tosori, to visit the “Tjemara” ( Casuarina junghuniana) forests 
and the active volcano, Mt Bromo; and the marvelous island of Bali — this 
excursion was not strictly Botanical ! 

The Agriculturists were given opportunity to visit several of the prin- 
cipal experiment stations of Java of which there are perhaps eighteen. 
About half of these are privately endowed. As a rule, each of the experi- 
ment stations concerns itself with but one, or only a very few products. 
Some of these institutions are prepared in a splendid way, both in personnel 
and laboratory equipment, to carry out their aims. The Sugar Experiment 
Station at Pasoeroean, for example, has an annual income of over 
$500,000.00. This is a large sum for one experiment station and a single 
agricultural product, but that the investigational staff is accomplishing ex- 
cellent results is indicated by the experimental work on sugar cane previ- 
ously referred to, and very clearly by the fact that the sugar yield in Java 
has gone steadily upward to the present average of 14,000 lbs. per acre. 
This figure stands in striking contrast to the old average in Java of 1,700 
lbs. and the present average in Louisiana of only 1,300 lbs. per acre. 

Another very important phase of the excursions for the Agriculturists 
was the oppbrtunity to inspect numerous large estates of Cinchona, rubber, 
tea, coffee, teak, and other crops. 
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Fig. 5. The Treub Laboratory, Buitenzorg. 



Fib. 6. Visitors' Laboratory, Botanical Gardens, Tjibodas, at altitude of nearly 

6000 ft. on Mt. Gede, Java. 
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Fio. 7. Flower of Xafflexta palma. 


The extraordinary variety of interests present in and about Java proved 
to be of great profit and joy to the Congress delegates. Java’s interesting 
and modem tropical agriculture, its fauna and flora, its numerous active 
volcanoes and other geological situations, and its present races of men and 
the splendid evidences of prehistoric man, produced in the delegates a con- 
dition of general enthusiasm in which each scientific group was inclined 
to feel that it, somehow, held a distinct advantage over the others. 

In closing this account it is a pleasure to the writer to mention again 
the splendid hospitality offered at all times to the delegates by the officials 
of the Netherlands East Indies government, and the Netherlands Science 
Council. The scientific value of such a Congress is admitted, but the words 
of His Excellency tfie Governor General were well taken when he said: “I 
attach still more value to the results which this Congress will bear in 
promoting closer understanding and good will between nations and 
individuals." 

Dspaxtmxxt or H$mocurcaa, 

Ossqon Stats Cdludqx. 
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BRIEF PAPERS 

HUGO DE VRIES 
(with one plate and four figures) 

One of the most distinguished of all botanists is Hugo de Vries. He 
studied in the University of Leiden in 1866 and afterwards in various 
German universities, first at Heidelberg in 1870 and then at Wurzburg in 
1871. At Wurzburg, which was an international research center, he studied 
under the great plant physiologist, Julius von Sachs, from whose labora- 
tories have gone out so many scientists who have become famous. Besides 
de Vries, among these may be mentioned such other great men as Pfkffer, 
Brefeld, Noll, Stahl, Elfving, Klebs, Goebel, G. Kraus, F. Darwin, 
and many others. Sachs exerted a great influence on the scientific thought 
and work of de Vries and many other investigators. 

Professor de Vries occupied the chair of botany at the University of 
Amsterdam for many years. He was born at Haarlem, February 16th, 
1848. His first paper, entitled “De invloed der temperature ob de levens- 
verschijnselen der planten,” appeared in 1870. Since the appearance of 
this paper other very important contributions have followed one another 
through the years in rapid succession. Many of the papers of de Vries 
have been collected by some of his students and published in seven large 
volumes under the title of “Opera e periodicis collata” (1918 to 1927). 
These volumes contain 189 of his contributions, of which the above men- 
tioned paper is the first. The seven volumes included almost 4300 pages, 
which is only a part of the large amount of scientific work he has done. 
Professor de Vries has published his studies in four different languages. 
Some of his papers collected in “Opera e periodicis collata” are in the 
Dutch language, part of them in German, some in French, and the rest 
in English. Some of his contributions, however, are very extensive and 
therefore have been published in book form. Among these may be men- 
tioned “Intracellulare Pangenesis,” of which an English translation has 
appeared; and his great Mutationstheorie, 1901-1903, which appeared in 
German, in two large volumes. This work was soon translated into En- 
glish. “Species and. Varieties, Their Origin by Mutation” appeared in 
1905. These and other important contributions appeared in book form and 
his “Species and Varieties” in more than one edition in English. A great 
service was rendered by de Vries since, in 1900, along with Correns and 
Tschermak, he re-discovered Mendel’s long forgotten work. The plate 
and fig. 1 are excellent likenesses of him from recent photographs. 
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Fig. 1. Professor Hugo »e Vhibs (recent photograph). 


The first studies of Professor de Veies were concerned with plant physi- 
ology, in which subject he published many valuable papers. These con- 
tributions are of such unusual importance and are bo well and favorably 
known that a mere mention of the titles of a few of them is sufficient. In 
addition to those contributions fientioned or referred to elsewhere by the 
writer in this paper, the results of his studies on plasmolysis, turgor, growth, 
osmosis, and other topics are of such far reaching importance as to place 
him among the mojst distinguished scientists of his day. 

The important of the distinguished work of de Vries is attested by the 
recognition accorded him by universities and scientific societies all over 
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the world. Some of the universities that have bestowed upon him the 
honorary degrees of Doctor of Science and of Laws are : Columbia Univer- 
sity, and the Universities of Chicago, Pennsylvania, Cambridge (England), 
and Aberdeen (Scotland) 

Many Academies of Science have honored him by membership as fol- 
lows : The Dutch Academy of Science since 3878; Associate Member of the 
Koyal Academy of Belgium, 1905; a Corresponding Member of the Insti- 
tute de France, 1913; Ehrenmitglied der deutschen botanischen Gesell- 
scliaft, 1891 ; Ehrenmitglied der k. Akademie der Wissenschaften in Wien, 



Fia. 2. Professor de Vries in his experimental garden. 


1919 ; Corresponding member of the Prussian Academy of Sciences of Ber- 
lin, 1913; Foreign Member of the Boyal Society, London, 1905; Member of 
the Academia dei Lincei Borne, 1902; and Corresponding Member of the 
Russian Academy of Sciences, 1925. 

Various societies in the United States have honored him by membership 
for his scientific achievements. He is a Member of the American Philo- 
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sophieal Society, Philadelphia, 1907; a Corresponding Member of the 
Academy of Natural Sciences, Philadelphia, 1903 ; Foreign Associate of the 
National Academy of Sciences of the United States of America, Washing- 
ton, 1904; Corresponding Member of the Botanical Society of America, 
1922; Honorary Member of the American Breeders Association, Washing- 
ton, 1910; Honorary Associate of the Station for Experimental Evolution 
at Cold Spring Harbor of the Carnegie Institution of Washington, 1904; 
Professor de Vbies was present at the opening of this station and delivered 
on that occasion an address on the “Aims of Experimental Biology.” 

Various medals have also been awarded to Professor de Vbies as fol- 
lows : The Darwin Medal by the Royal Society, London, 1906 ; The Veitsch 
Medal, by the Royal Horticultural Society, London, 1910; and the Linnaean 
Gold Medal by the Linnaean Society, London, 1929. 



Fig. 3. Garden with Oenothera in bloom. 


On the 16th of'February, 1918, the Beriehte der deutschen botanischen 
Gesellschaft sent him its greetings. He was then 70 years old and I quote 
two sentences only from that message, which are self-explanatory. 

“Mit zwei Arbeitsgebieten der Botanik wird ihr Name fur immer 
verkniipft bleiben. Waren es zunachst Fragen der physikalischen und 
chemischen Physiologie, wie des Turgordruckes, der Plasmolyse, der Me- 
chanik des Zellwachstums, denen Ihre Hauptarbeit gegolten hat, so ist es 
spater vor allem das Gebiet der Vererbungs- und Artbildungslehre auf dem 
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Sie bahnbrecliend tatig waren und noch tatig sind. ’ ’ On his eightieth 
birthday in 1928 scientists from all over the world sent him messages and 
greetings. 

Professor de Vries has visited the United States on three occasions. 
On two of these visits he delivered lectures at the University of California 
and the University of Chicago. His third visit to this country was in 1912 
when he was invited to speak at the formal opening of the Bice Institute. 
While there he gave four lectures. 



Fra. 4. Professor de Vries examining plants in his garden at Lnnteren. 


Figure 2 shows Professor de Vries in his experimental garden among 
the plants he is studying. In the photograph one can see a part of two 
of the flower beds in which the plants are grown, and at the right are to 
be seen four tall primrose plants whose tops are covered with paper sacks 
which are used in the pollination experiments. 

Professor de Vries has been emeritus professor at the University of 
Amsterdam since 1918. He now resides at Lunteren, Holland. Here he 
has his garden, which, as shown in fig. 3, is full of Oenothera plants in 
bloom. The garden belongs to Professor de Vries and is part of the garden 
around his home. On the right side of fig. 3 is shown a portion of the 
garden enclosed with glass, and fig. 4 shows another view of the garden at 
Lunteren. It is in this part that most of the fertilizations and crossings 
of the experimental plants are made. Much of the material used by the 
recent students of Professor de Vries has been obtained from this garden 
for their studies. 1 

i The author is indebted to Professor de Vries for information concerning various 
points in this paper. 
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Two of the latest papers of Professor de Vries indicate his present 
scientific interests. These papers are: ‘ * Mutant races derived from 
Oenothera lamarekiana semigigas ” and “Die latente Mutabilitat von 
Oenothera biennis L.” 

Although past 81 years of age, Professor de Vries is still actively inter- 
terested and is diligently at work in his chosen field and continually adding 
to the long list of valuable contributions already made. His long and active 
life is an inspiration to two generations of younger investigators. Two 
great services he has rendered to science are first, that he has shown that 
mutations occur, and secondly, that in his investigations he has arrived at 
his results and conclusions by most careful experimentation. — F. M, 
Andrews, Indiana University, Bloomington, Indiana. 



NOTE ON THE RELATION OF RATE OF RESPIRATION TO 
CHEMICAL COMPOSITION IN FRESH VEGETABLES 

In a recent publication from this station, 1 the rates of respiration of 
some common vegetables during the first thirty hours after harvesting, were 
compared. Samples of the same material were prepared for analysis by 
careful drying, and with the exception of the phosphorus fractions* stand- 
ard analytical procedures were used. It was thought that, although these 
vegetables represented different organs, and might naturally be expected to 
respire at different rates, there might be certain relationships between the 
rate of respiration and the chemical composition which would transcend the 
lines of demarcation laid down by function. In an attempt to detect such 
relationships, suggested, or even vaguely possible, the analytical data were 
plotted in a variety of ways together with the respiration figures. But we 
were unable to discover any relationships which ran consistently through 
the series. 

Soluble nitrogen seemed to be directly related to respiration in the case 
of asparagus, green beans, okra, green onions, and carrots; with the other 
vegetables, the curve for this relationship was very irregular. Ether extract 
and lipoid phosphorus showed a nearly constant value for all the vegetables, 
without relation to respiration. The reducing-sugar values, which might 
have been expected to run parallel with the respiration curve, were ex- 
tremely variable, as were also the starch values which might have been 
expected to bear an inverse relationship to respiration. 

We realize that figures obtained from only ten samples do not constitute 
conclusive evidence one way or the other, and that there may be relation- 
ships here which our work fails to bring out. 

The data are presented in the accompanying table. The weight of 
carbon dioxide evolved in 24 hours (from the second to the twenty-sixth 
after harvesting) per 100 grams dry weight, is taken in each case as the 
measure of the rate of respiration. The other figures are also on a dry 
weight basis. — Marjorie P. Benoy and James E. Webster, Oklahoma Agri- 
cultural Experiment Station. 

1 Benoy, Marjorie P. The respiration factor in the deterioration of fresh vege- 
tables at room temperature. Jour. Agr. Res. 39: 75-80. 1929. 

2 Webster, James E. Phosphorus distribution in grains. Jour. Agr. Res. 37: 123- 
125. 1928. 
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THE PHYSIOLOGICAL LABORATORY OF THE BOTANICAL 
INSTITUTE IN THE UNIVERSITY OF ZAGREB 

A new Institute for Plant Physiology (tig. 1) has been established at 
the University of Zagreb, Jugoslavia, under the direction of Dr. Vale Vouk. 
The new laboratory is associated with the work in forestry, agriculture, 
pharmacology, and other scientific departments of the University, and also 
with the International Com Borer Investigations Laboratory at Chicago. 

At the dedication of the new laboratory on December 18, 1928, Dr. Vouk 
in his address reviewed the developments of plant physiology at the Univer- 
sity of Zagreb and also the general history of the science in other countries. 

The Institute comprises experimental gardens, greenhouse, laboratory, 
and library space. It was erected at a cost of approximately $20,000. — 
R B. Harvey, University of Minnesota. 



Fig. 1. The new laboratory for plant physiology at the University of Zagreb, Jugoslavia. 






NOTES 

The Annual Meeting. — The American Society of Plant Physiologists 
met at Des Moines, Iowa, on December 30 and 31, 1929, and January 1, 
1930, for its sixth annual meeting. Dr. S. V. Eaton, of the University of 
Chicago, presided over the meetings, assisted by Dr. A. E. Murneek, of the 
University of Missouri, vice president of the Society. The programs were 
well arranged and well organized, and nearly all of the papers were pre- 
sented by the authors in person. Only a few papers were read by title only. 
The joint meeting with the Horticulturists on Tuesday morning at Des 
Moines, and with the Ecologists at Ames, were very pleasant occasions. 

The secretary-treasurer, Dr. H. R. Kraybill, of Purdue University, pre- 
sented his report for the fiscal year ending June 30, 1929, and the statement 
of the current condition of the treasury. The membership report showed 
a much larger increase than in either of the last two preceding years, but 
the increase in institutional subscriptions was not so great as during last 
year. However, the membership is approaching four hundred, and there 
are about 250 institutional subscriptions at the dose of 1929. The treasury 
showed a very comfortable margin for 1929, and income for 1930 sufficient 
to maintain or even improve the publication service. It may be possible to 
bring out a new edition of the International Address List, which was first 
issued in 1925. 

The banquet on Monday night, December 30, at the Savery Hotel, was 
attended by about 85 members and friends of the Society. The annual din- 
ner has been featured for several years by the announcement of the awards 
of honors, which makes it one of the most interesting sessions of the meeting. 
The meeting of the Society for December, 1930, will be held at Cleveland, 
Ohio. By looking ahead and planning for larger things, we can make each 
annual meeting set a new and higher standard of achievement. 

Life Membership Awards.— For the fourth time the Society has 
awaited life memberships to some of its most distinguished members as a 
memoiial to Dr. Charles Reid Barnes. The committee of award, with Dr. 
Walter Thomas, of Pennsylvania State College, as chairman, made two 
awards. The first one was to Professor George James Peirce, for many 
years Plant Physiologist at Stanford University. Professor Peirce was 
bom at Manila, Philippine Islands, in 1868. His scientific training was 
taken at Harvard, and at the Universities of Bonn, Leipzig, and Munich. 
His doctor’s degree is from Leipzig in 1894 After two years of service at 
Indiana University, he went to Stanford in 1897, where he has given more 
than 30 years of his life to the advancement of plant physiology. His Text 
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Book of Plant Physiology was published in 1903, and a more recent book, 
The Physiology of Plants, in 1925. He has been interested in respiration, 
irritability, parasitism, and brine-inhabiting organisms. He has held vari- 
ous positions as special investigator of the effects of gas, smoke, and dust on 
vegetation, and was a member of the Advisory Committee to the Fuel Ad- 
ministration. of California during the late war. 

There was a bond of mutual friendship between Dr. Barnes and Dr. 
Peirce in the early days of plant physiology in the United States, and it 
seems very fitting that the award should be made to one of these early 
friends of Barnes. 

The second award was made to Professor Charles A. Shull, of the Uni- 
versity of Chicago, who was at one time student assistant in Dr. Barnes’s 
office, and who received his first instruction in plant physiology under Dr. 
Barnes in 1903-1906. 

This action of the committee gives the Society five honorary life mem- 
bers, who constitute a living memorial to him who was the main inspiration 
of plant physiologists in the United States during the first decade of this 
century. 

Stephen Hales Award. — The first award of the Stephen Hales Prize 
was also announced at the banquet. The Committee, consisting of Dr. J. 
B. Overton, chairman, Dr. C. E. Ball, and Dr. A. L. Bakke, after consid- 
eration of many of the questions involved in the selection of candidates for 
this honor, finally made the award of the certificate and prize of $100 to 
Professor Dennis Robert Hoagland, of California, for his excellent con- 
tributions and leadership in the field of plant nutrition. Professor Hoag- 
land has been at the University of California for 17 years, and under his 
leadership the plant nutrition laboratory at California has made many im- 
portant contributions, particularly with reference to the mineral nutrition 
of plants. 

The certificate of award bears a handsome likeness of Stephen Hales, 
the first great experimentalist in the field of plant physiology. The plan 
of administration of the award contemplates an address by the recipient of 
the award before the Society at the following annual meeting. 

The executive committee, on information from the secretary-treasurer as 
to the funds available for a Stephen Hales award on November 1, 1929, 
voted a second award to be made at the annual meeting at Cleveland in 1930. 

The Charles Reid Barnes Life Membership Fund. — The Society, at the 
recommendation of the executive committee, has taken favorable action on 
a plan to create a permanent Charles Reid Barnes Life Membership Fund 
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to replace ultimately the present temporary financing. The plan adopted 
is to establish such a permanent fund to which individual gifts may be made. 
In addition, any of the life membership funds vacated by the death of life 
members are to be put into the permanent fund until the total of such pri- 
vate gifts and vacated funds reaches the sum of $2000. This fund will then 
be known as the Chari.es Reid Barnes Life Membership Fund, the income 
of which will be employed in the same manner as is the income from the 
present temporary fund. 

Individuals, some of whom have expressed a desire to share in the crea- 
tion of this permanent fund, should now avail themselves of the opportunity. 
Checks may be sent at any time to Ur. H. R. Kraybili., Purdue University. 
Or, the purchase of a life membership by those who can afford to make the 
investment, will now give the investor his official journal for life, and finally 
assist in the creation of this permanent fund in honor of Dr. Barnes. There 
is no better way to aid than by the purchase of life memberships. They can 
be paid in installments, but do not become operative until paid in full. 

The Stephen Hales Prize Fund. — This fund is slightly less than 
$1000. It ought to be larger, as it requires not less than $1000 to produce 
the amount of the prize every two years. The funds are now invested in 
bonds yielding above the average interest. When reinvested it is doubtful 
if conditions will warrant renewal at the present rate. There are now about 
four times as many members in the Society as the number who contributed 
the $991.75 which constitutes the fund. Many small gifts are more desirable 
than a few large ones. It is not improbable that members will be offered 
the privilege of sharing in the enlargement of this fund. A 50 per cent, 
increase would insure the award as at present planned, and would permit 
increases in the amount of the biennial award, or would make more frequent 
awards possible. 

General Endowment Fund. — The Society voted at the Des Moines 
meeting that a general endowment fund would be a desirable thing. At 
present it would hardly be possible to undertake publication of papers which 
demand colored plates for proper presentation of results. It usually costs 
several hundred dollars for a single colored plate. Moreover, as Plant 
Physiology serves a larger and larger membership, there is the possibility 
that the size of the volume would finally be limited by the income, so that 
worthy contributions could not be given prompt publication. Endowment 
funds protect an organization from such difficulties, and make possible types 
of service beyond that of the ordinary journal. The finance committee is 
authorized to plan for the beginning of an endowment fund. If any mem- 
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ber believes that Plant Physiology should, 'when necessary, use colored 
plates, or undertake other extraordinary services in publication, a gift to 
the general endowment fund, even though small, will help toward the 
achievement of such services. It is hoped that every member will take an 
interest in these funds, and will try to share, as fortune permits, in the privi- 
lege of founding these financial bulwarks of the Society. Any gift sent to 
the secretary-treasurer, or to the members of the finance committee, should 
be plainly designated to some particular fund. Every gift will further the 
purposes of the Society and help it to give a better service to its members. 

Travel to the International Botanical Congress. — Some of the mem- 
bers of our Society will be going to Cambridge next summer. This notice 
is to call attention to the service of the Student Third Cabin Association. 
It offers a means of going and coming that may interest many of us. It is 
a special Tourist Third Cabin on the Holland-America Line ships which 
was created by two Yale students six years ago. It differs from other Tourist 
Third Cabins in being maintained entirely for college people and those with 
whom they naturally associate. In addition to most congenial fellow pas- 
sengers on the ocean, it offers cabins, decks and public rooms that were 
formerly second class on the steamers Rotterdam, New Amsterdam, Volen- 
dam, and Veendam, and remarkable Tourist Third Cabin accommodations 
on the new Holland-America Line flagship Statendam. The service on 
these vessels is all that could be desired, the food is first class, well prepared 
and simply served, and everything is kept scrupulously clean. 

Sailings are each Saturday from New York. The ships of this line call 
at Plymouth in England going to Europe, and leave from Southampton on 
the return voyage. In Prance, the port both ways is Boulogne-sur-Mer, 
two and one half hours from Paris. The other European port is Rotterdam, 
Holland, the gateway to Central Europe. 

The parties crossing are provided with a host and hostess, a lecturer 
and college orchestra, and a loan library on all of the larger STCA sailings. 
A guide book is obtainable, called the Hand-Me-Down, that is one of the 
best for European travel, and there is a complete travel department that 
can help individuals or groups to plan anything desired in the way of travel 
experience while abroad. Information on renting Drive-yourself cars in 
Europe will be furnished. There is mo charge for such service except for 
the Hand-Me-Down. 

A number of single, double, and four berth cabins have been reserved 
on each sailing in June, July and early August with corresponding returns 
for people going to the Congress. Those who are planning to go should 
investigate this plan, as it is less expensive than many, and leaves more 
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money to spend abroad. Full information will be furnished to any one, on 
sending inquiry to the Student Third Cabin Association, Holland-America 
Line, 24 State St, New York City. 

Dr. Felix Kotowski. — We regret to announce that one of our foreign 
members has been claimed by death. The following statement concerning 
the life of Dr. Felix Kotowski has been prepared from data furnished by 
Dr. J. Golinska, a colleague, and by W. W. Brierley, Secretary of the 
General Education Board, New York. 

Dr. Kotowski was born on May 18, 1895, in Grabova, near Radom in 
central Poland. He was educated in Poland, and was a student in the 
Division of Biological Science and Agriculture in the University of Krakow 
from 1913 to 1918. He received the degree of Doctor of Philosophy from 
the Jagellon University in Krakow in 1919. During his student days he 
was Assistant in the Institute of Soil Management and Plant Cultivation in 
the University, 1917-1918. After graduation, and until 1922, he was 
assistant in the Horticultural Department of the State Scientific Institute 
at Pulawy. In January, 1922, he was appointed Professor of Olericulture 
at the College of Agriculture, Warsaw, and Director of the Institute of 
Olericulture and Vegetable Breeding at Skiemiewice, near Warsaw. This 
position he held until July, 1926, at which time he was granted a fellowship 
for study in the United States by the International Education Board. 
During the period of the fellowship, to September, 1927, he worked at the 
University of California, Davis, California, in the Division of Truck Crops, 
under the supervision of Professors H. A. Jones and J. T. Rosa. The 
results of the year’s work have been published in the Proceedings of the 
American Society for Horticultural Science, 1926, and in Plant Physi- 
ology, 1927. While in the United States he also visited the experiment 
stations at Ithaca and Geneva, New York, to familiarize himself with their 
investigations of vegetable crops. He returned to Poland by way of the 
Pacific, in order to visit experiment stations in Hawaii, Japan, Ceylon, 
and India. 

Dr. Kotowski was very industrious, and labored to secure a universal 
scientific education. During the ten years of his scientific career, he pub- 
lished about 40 papers on the morphology, physiology, and breeding of 
vegetable plants. He was the author of a text-book of horticulture, and 
several popular publications on different horticultural questions. He was 
also one of the leaders in organizing the olericultural experimental work 
in Poland. 

He died on July 9, 1929, of blood-poisoning caused by a scratch of the 
lower lip. The untimely death of Professor Kotowski at the age of 34 
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years is a great loss to Polish horticultural science. His students have lost 
a brilliant guide, and a real friend. 

Back Numbers Wanted. — Volume 2 of Plant Physiology is practically 
exhausted. The limiting factor is no. 4, the October issue, 1927. Members 
and subscribers are urged to examine their files, and if duplicates of this 
number are found, the Secretary-treasurer would like to purchase copies 
of this number to complete broken volumes. Any one willing to dispose of 
this particular number should write to Dr. H. R. Kbaybill, Purdue Univer- 
sity, Lafayette, Indiana. Cooperation of the members and subscribers in 
this matter will be greatly appreciated. 

Pathology of Protoplasm. — The third volume of Protoplasma-Mono- 
graphien is entitled “Pathologie der Pflanzenzelle.” Part I bears the title 
“ Pathologic des Protoplasmas.” The author is Dr. Ebnst KiisTEB, of Gies- 
sen. The discussion is presented in two chapters, one on Formwechsel, the 
other on Strukturwechsel. The character of the material presented is such 
that it should hardly be called pathology. It really presents some interest- 
ing phases of the physiology of protoplasm, and plant physiologists will find 
the monograph worth reading for a better understanding of protoplasmic 
responses to all kinds of environmental stimulations. Over 500 references 
to the literature are included at the close. The publishers are the Gebriider 
Borntraeger, W 35 Schoneberger Ufer 12 a, Berlin, Germany. The price 
of the volume bound in cloth is 15 M. 

Problem of Krakatao. — The problem of the revegetation of Krakatao 
after the destructive eruption of August 27, 1883, has been given a refresh- 
ingly critical treatment by Dr. C. A. Backeb, formerly government botanist 
for the flora of Java. Backeb takes sharp issue with the dictum of Tbeub 
that the explosion completely destroyed the original vegetation of the 
island. He shows how inadequate all of the investigations have been, and 
how the opportunity to study this interesting problem of revegetation was 
forever let slip. , 

The book has 12 chapters and 299 pages. It is published by the author, 
but can be purchased from Martinus Nijhoff, The Hague, Holland. The 
price, bound, is 9 guldens, plus postage. 

Soil Acidity. — An excellent monograph on soil acidity by Dr. H. 
Kappen has appeared from the press of Julius Springer, Berlin. “Die 
Bodenaciditfit” contains fifteen chapters, as follows: Nature of acidity of 
mineral soils; soil reaction; determination of soil reaction; behavior of acid 
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soils toward acids and bases — their neutralization or buffer capacity; beha- 
vior of acid soils toward solutions of salts (hydrolytic, exchange, and active 
acidity, etc.) ; absorption power of acid soils; meaning of acidification for 
physical soil characters ; influence of reaction on the microorganisms of the 
soil; the plant physiological meaning of soil reaction; occurrence and dis- 
tribution of soil acidity ; influence of manures on soil acidity ; the prevention 
of acidity injuries by liming ; and the use of artificial fertilizers on acid soils. 

There are 363 pages, 35 text figures, and one colored plate. This work 
will be quite valuable to the student of soil acidity problems. The price 
unbound, is 36 M., bound, 38.80 M. 

^ International Critical Tables. — Volume VI of this great work was 
issued late in 1929 by the McGraw-Hill Book Co. The general nature of 
the contents of this volume was indicated in Plant Physiology 4 : 295. 
1929. The following data are included: X-ray, electronics and gas con- 
duction, dielectric properties, electrical conductivity and resistivity, pyro- 
and piezo-electricity, thermoelectricity, transference numbers of electrolytes 
in aqueous solutions, electrolytic electromotive force, electrical and optical 
properties of Si0 2 , magnetism, atmospheric electricity, terrestrial magnet- 
ism, and acoustics. The work is immensely valuable to all fields of science. 
The final volume is due sometime during 1930. 

Plant Ecology. — The new text-book on Ecology by Dr. J. E. Weaver, 
of Nebraska, and Dr. F. E. Clements, of the Carnegie Institution, is a 
notable attempt to provide a good systematic survey of this field. Plant 
physiologists should find this volume particularly welcome as a text in 
Ecology, as it is the best attempt so far to give ecology a balanced physio- 
logical setting. We should all be interested in the field aspects, as well as 
the laboratory aspects of our field, for plant behavior does not cease to be 
physiological just because it occurs in the open rather than under glass or 
in a laboratory ; and all plant physiologists will be better physiologists by 
knowing something of the vegetational phenomena of the earth. The parts 
particularly valuable to the physiologist are those chapters and sections that 
deal with the soil, underground plant parts, adaptation, germination of 
seeds, dormancy, summation of temperatures, tolerance, effects of duration 
of light, etc. 

This book is so far superior to anything else available for the study of 
ecology as to leave it in a field by itself. The authors and publishers have 
prepared a book that will no doubt have a deep influence upon the study 
of plant life. The work is sold at $5.00, and familiarity with its contents 
will prove a good investment of time and money. Orders for it can be 
sent to the McGraw-IIill Book Co., New York. 
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Plant Competition. — Publication no. 398 of the Carnegie Institution, 
Washington, D. C., entitled “Plant Competition, an Analysis of Community 
Functions,” is by Dr. F. E. Clements, Dr. J. E. Weaver, and Dr. Herbert 
C. Hanson. It is an experimental analysis of the competition of plants in 
the plant community, and the plant reactions which come from such com- 
petition. Soane new methods have been devised for a comprehensive study 
of the phenomena, and studies are made of natural communities, crops, and 
greenhouse controls. Many of the results are of great value to the physi- 
ologist. 

The first section develops the history of the competition concept, follow- 
ing which arc sections dealing with transplant cultures in subclimax prairies 
and true prairies, with supplementary studies of prairie competition. Com- 
petition in prairie-woodland tension zones and in cultivated fields are con- 
sidered, and the relative importance of the various factors in competition. 
The last two sections deal with functional studies in control cultures, and 
the nature and role of competition. 

There are 32 plates, a few colored to distinguish root systems in compe- 
tition. Including a lengthy bibliography, the book contains 340 pages. It 
is an important contribution to the general problem of competition among 
organisms. It can be purchased from the Carnegie Institution for $3.25, or 
$4.25 in cloth binding. 
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ASH CONSTITUENTS OF PASTURE GRASSES, THEIR STANDARD 
ELECTRODE POTENTIALS AND ECOLOGICAL 
SIGNIFICANCE 

H. P. Coopeb 

Since there is a wide variation in the ash constituents of a species of 
plant grown under various conditions, it was decided to determine the ash 
constituents of several pasture grasses grown on soils differing widely in 
productivity. An examination of some available data on ash analyses of 
pasture plants suggested that the only way to secure definite information 
on this important topic was to attempt to determine, by correlating the 
existing data, the order of absorption and the condition necessary for 
optimum assimilation of the various nutrient ions. 

The lack of a close correlation between the H-ion concentration of the 
soil and plant growth suggested a consideration of the potential relations 
which might result from the presence in the soil complexes of electroposi- 
tive elements above and below hydrogen in the electromotive series. Such 
a consideration soon made it evident that the electromotive series could be 
used very effectively in correlating much of the data in the field of nutri- 
tion. It was observed that there is a direct relation between the order of 
removal of ions from soil colloids by electrodialysis, and the order of atomic 
ions in the electromotive series (19, 20). It was also observed that many 
organisms selectively absorb atomic nutrient ions in the same order as they 
appear in the electromotive series. Observations on the selective absorption 
of the strong ions led to a consideration of the radiant energy necessary 
for the optimum assimilation of the various nutrient compounds. A con- 
sideration of thermo-dynamical data clearly showed that the physiological 
effects of radiant energy are definitely related to the deeompositional 
voltages, or processes in which a change of valence takes place, of nutrient 
materials. Since so much of the data on physiological problems can be 
correlated with the electromotive series it is very probable that this series 
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could be used more generally in the interpretation of data which have been 
obtained in biological investigations. 

Selection of material for ash analysis 

Many published analyses of pasture plants represent mixed herbage, 
including grasses and clovers. In such investigations it would probably 
be more desirable to select grass samples from situations where one grass 
predominated. Since there is a more or less definite succession of pasture 
plant associations accompanying the depletion of soils, it was decided to 
select samples from the four major associations found in New York pas- 
tures. Kentucky blue grass usually dominates on pastures which are in a 
high state of fertility, and as soon as the soils become depleted of the 
elements which are characteristic of a high state of fertility, Kentucky blue 
grass may be followed by Rhode Island bent grass or red top. On further 
depletion of the soil, sweet vernal grass may dominate, and finally poverty 
grass, weeds and trees may represent the dominant type of vegetation. 

The samples from these four associations were taken when the grasses 
were in full bloom or shortly after. The Kentucky blue grass and sweet 
vernal grass samples were collected between the middle of June and the 
first of July. The Rhode Island bent grass and poverty grass samples were 
obtained three to four weeks later, since these do not bloom until relatively 
late in the season. Soil and subsoil samples were taken for hydrogen-ion 
determinations at the time the grass samples were collected. 

Ash analyses of pasture grasses 

The ash analyses of pasture grasses which were made in the Agronomy 
laboratory are given in table I. The data on Kentucky blue grass, Rhode 
Island bent grass, sweet vernal grass and poverty grass are from common 
pasture plant associations found in New York. The data on Canadian blue 
grass, broomsedge and rice cut-grass do not represent typical pasture con- 
ditions. These latter samples were selected to demonstrate the tolerance 
of plants to various ecological conditions. 

The nitrogen and the ash content of the plants seem to decrease as the 
soils become depleted. Potassium oxide is seen to constitute from about 
one-third to two-fifths of the ash content of the common pasture grasses. 
It is relatively high in Kentucky blue grass and sweet vernal grass, but it 
is relatively low in Rhode Island bent grass and poverty grass. The cal- 
cium oxide content is highest in Rhode Island bent grass and poverty grass. 
This reverse relationship between the potassium and calcium contents seems 
to be related to the season of the most rapid growth period of these plants. 
The plants with their rapid growth period early in the season such as 
Kentucky blue and sweet vernal grasses are relatively high in potassium 
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and low in calcium while the plants with their rapid growth period late 
in the season are relatively high in calcium and low in potassium. The 
per cent, of phosphorus in the ash seems to be positively correlated with the 
potassium and negatively correlated with the calcium content. The silica 
content of the hard and unpalatable grasses such as Bhode Island bent 
grass, broomsedge and rice cut-grass is relatively high. 

The correlations between the various constituents are given in table II. 
They represent the percentages of the entire plant with the exception of the 
correlation - 0.45 ± 0.08 for P 2 0 5 and Si0 2 which represents the percentage 
of these elements in the ash of the plants. 

TABLE II 

CORRELATION COEFFICIENT FOB THE NITROGEN AND ASH CONTENT OF FORTY-FIVE SAMPLES 

OF PASTURE GRASSES 


KjO and CaO 

-0.87 

± 0.023 

KjO and MgO 

0.17 

±0.11 

K,0 and PA 

0.76 

±0.043 

K s O and N 1 

0.76 

± 0.043 

KjO and ash 

0.65 

±0.06 

CaO and MgO 

0.45 

±0.08 

CaO and PA 

-0.44 

± 0.08 

CaO and N 

0.001 


CaO and ash 

1 -0.37 

±0.09 

PA and N 

0.84 

±0.03 

PA and SiO/ 

-0.45 

± 0.08 

PA and aBh 

0.64 

±0.06 


* Represents percentages of ash rather than percentages of plant. 

Significance of data 

A book by Orr (46) contains an excellent summary of the data on the 
mineral content of pasture plants, therefore only data of particular interest 
are cited. In previous papers Cooper, et. al. (19, 20) have discussed some 
of the electro-chemical factors influencing the nutrition of organisms. It 
was pointed out that there is a correlation between the position of ions in 
the electromotive series and their activity in the soil collodial complexes. 
There is also a relation between the order of ion absorption by many or- 
ganisms and the potential series. The strength of ions normally utilized 
by organisms may also affect the quality of radiant energy necessary for 
optimum growth. 

An inspection of table I clearly indicates that the strong ions are ab- 
sorbed in greater quantities than the weaker ones and that the metallic 
ash constituents are in a more or less definite order. This is in agreement 
with calculations made by the author from data on the ash analyses of 
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forty-eight plants reported by Robinson, et. al. ( 52 ) . These show the order 
of constituents as follows : K 2 0 34.36 per cent., GaO 19.63 per cent., MgO 
7.13 per cent., A1 2 0„ 1.34 per cent., Fe 2 0, 0.61 per cent., P 2 0 s 9.87 per cent., 
Si0 2 9.86 per cent., S0 3 8.98 per cent., and Cl 2 5.49 per cent. The metallic 
elements are in the same order as their standard electrode potentials. 
Aston ( 5 , 6 , 7 ) reports data on the constituents of 70 samples of pasture 
plants which include samples from regions of New Zealand where iron is 
deficient in forage plants. His average data for 47-70 samples are as fol- 
lows : CaO 1.05 per cent., MgO 0.47 per cent., Al 2 O a 0.13 per cent., Mn,O t 
0.045 per cent, and Fe 2 0 3 0.041 per cent. Elvehjem and Hart ( 22 ) re- 
ported 199 mg., 65.8 mg., and 13.5 mg. per kilogram of dry matter respec- 
tively for iron, manganese and copper in forty-seven feed analyses. All 
of these data suggest that many plants selectively absorb the strong ions 
or the elements with relatively high standard electrode potentials. 

It is interesting to note that there is more Mn 3 0 4 than Fe 2 0, in the New 
Zealand forage plants. It was observed by Rigg and Askew ( 51 ) that on 
the poorer pastures the plants contained more manganese than iron, and 
were also characterized by their high content of silica. There does not 
seem to be a deficiency of iron in the soil but it is not absorbed by plants. 
Since the Mn ion is stronger than the Fe ion, manganese is apparently 
selectively absorbed and probably partially substituted for iron in the 
growth of the plant. The pasture plants grown on soils relatively high in 
available manganese may not contain enough iron for the maintenance of 
animals, since it is an active constituent of the blood. As iron is appar- 
ently not an active constituent of chlorophyll, elements which have similar 
physiological effects may partially substitute for it in the pasture plants. 

Table I shows that potassium is the most abundant electropositive ele- 
ment in the ash of the plant analyzed. There is a relatively high 
percentage of K 2 0 in the ash of Kentucky blue grass and sweet vernal grass. 
It is lower in Rhode Island bent grass and poverty grass. The high K z O 
content in the ash of Kentucky blue grass is in agreement with the response 
of this plant to potash fertilizers as reported by White and Holben ( 67 ) 
and White and Gardner (68). It is also noteworthy that there is 0.18 
per cent. CaO in the ash of Kentucky blue grass and 0.33 per cent. CaO in 
Rhode Island bent grass. This is an interesting relationship because the 
Kentucky blue grass samples were taken mostly from limestone soils. The 
average pH value (6.79) indicates that the soils were well supplied with 
available calcium. Most of the Rhode Island bent grass samples were 
taken from non-limestone soils as is indicated by the average pH value of 
5.18. These inverse relations between K g O and CaO show that the ash 
constituents of plants are largely determined by the amounts of various 
constituents available in the soil. 
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The phosphorus and the nitrogen contents of Kentucky blue grass are 
also relatively high, which suggests that this plant requires a relatively high 
fertility level for its successful growth. Rhode Island bent grass is lower 
in phosphorus and nitrogen than Kentucky blue grass but it is higher in 
silica. These data suggest that Rhode Island bent grass will tolerate a 
lower fertility level than will Kentucky blue grass. The ash and nitrogen 
content decrease from Kentucky blue grass to poverty grass, which is a 
good measure of the relative tolerance of these plants to various soil fer- 
tility levels. The broomsedge and rice cut-grass are extremely high in 
silica and low in constituents which form strong ions. These two plants 
are very tolerant of shade. Since these plants utilize large amounts of weak 
electrolytes they should be capable of tolerating a low intensity and low 
quality of light. 

Correlations between the various constituents of pasture grasses are 
given in table II. There is a negative correlation of - 0.87 ± 0.023 between 
K 2 0 and CaO ; a negative correlation of - 0.44 ± 0.08 between CaO and 
P s 0 5 ; and a negative correlation of - 0.45 ± 0.08 between the P 2 O s and 
Si0 2 . The correlation coefficients for the other constituents are positive 
or not significant. There is a high positive correlation between P 2 O s and 
N. This might be expected in case either of these is a limiting factor in 
plant growth. These two nutrients are in the same family of elements; 
therefore, they would be expected to have similar functions in the nutrition 
of organisms. With certain legumes and where liberal amounts of available 
phosphorus and nitrogen are present a negative correlation may exist be- 
tween the amounts of these materials in the plant. Legumes may often be 
relatively low in silicon and phosphorus since these plants have available 
to them nitrogen which forms relatively strong electro-negative combina- 
tions. Archibald and Nelson (2) present data showing that the phos- 
phorus content of pasture plants was about 10 per cent, higher on unfer- 
tilized check plats than on plats liberally fertilized with a complete 
fertilizer and calcium nitrate. 

Data presented by Scott (55) relating to the phosphorus deficiency in 
forage plants is of special interest in this connection. He found as an 
average of nine samples of alfalfa 2.39 per cent. CaO and 0.249 per cent. 
P 2 0* or a ratio of Ca : P of 15.8 : 1 which is much wider than the ratios by 
which rickets have been produced experimentally in certain small animals. 
This suggests that plants can tolerate a wider range in the Ca : P ratio than 
do certain animals. The phosphorus content was not particularly low in 
the soil from which the alfalfa was taken but the element was not available 
to the plants. Where the Ca : P ratio is as wide as observed in these sam- 
ples the phosphorus usually exists in stable combinations and its assimila- 
tion would probably require short wave lengths of light. 
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A negative correlatioil of - 0.44 dt 0.08 was obtained between CaO and 
P ,0 B . Calculations made from the ash data of forty-eight plants published 
by Robinson, Steinkoenig and Miller (52) show a negative correlation 
of - 0.51 zfc 0.08 between CaO and P 2 0 8 . These data also show a negative 
correlation of - 0.70 ± 0.055 between the sum K 2 0, Na 2 0 and CaO, and 
the sum of Si0 2 , P 2 0 5 , Cl 2 and S0 3 . These negative correlations suggest 
that in soil relatively high in available strong basic materials the hydroxyl, 
bicarbonate, and carbonate ions may be absorbed by plants in relatively 
large amounts. The relatively weak hydroxyl and bicarbonate ions form 
compounds which are relatively unstable as compared to strong sulphate, 
phosphate and fluoride ions which form relatively stable compounds and 
require for optimum assimilation relatively short wave lengths of radiant 
energy. 

The strong negative correlation between K 2 0 and CaO is in agreement 
with the finding of Fonder (24) on the K 2 0 and CaO content of alfalfa 
grown on various soils. 

Some factors influencing the ash constituents of plants 

Standard electrode potentials are quantitative values which are very 
useful in correlating data. Since the standard electrode potentials include 
the heat of solvation of ions, some of the low atomic weight elements, which 
have highly hydrated ions, may be out of the order of their replacement 
value. In case of the alkali metals the ionization potentials give a better 
ion series than the standard electrode potentials. 

Miciiaelis (43) has shown that there is a close correlation between the 
order of ion adsorption by blood charcoal and the electromotive tension 
series ; the stronger the ion the less the adsorption by blood charcoal. 

Data on base exchange by Gedroiz (25) and numerous others may be 
interpreted as showing that there is a correlation between the order of 
atomic ions in the electromotive series and their activity in the soil colloidal 
complexes. Data published by Wilson (70) and Mattson (39) on the 
liberation of ions from soil colloids by electrodialysis are of particular in- 
terest in this connection. Their data may also be interpreted as showing 
that there is a close correlation between the order of elements in the 
potential series and the order of removal of cations from soil colloids by 
electrodialysis. 

It is not probable that large amounts of atomic ions below calcium in 
the electromotive series with the exception of hydrogen will be found in 
the soil colloidal complex. The calcium ion is the lowest metallic atomic 
ion in the potential series which would be expected to exist in large amounts 
in soil colloidal complexes. The H-ion often ranks next to calcium in its 
activity in soil colloids. The activity of the H-ion in soil colloids is greater 
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than might be expected from its position in the potential series. The 
ionization potentials of elements in various stages of ionization presented 
by Millikan and Bowen ( 44 ) and Noyes and Beckman ( 46 ) suggest the 
explanation for the relative abundance of the H-ion in colloidal complexes 
of certain acid soils. The last normal valence electron in the nutrient ele- 
ments below calcium in the potential series is more strongly bound than 
the single valence electron of hydrogen. Approximately 6.07 equivalent 
volts are required to remove the last bound electron in calcium, and 11.74 
volts for the second valence electron of calcium. With magnesium, the next 
element below calcium in the potential series, the energy of removal for 
the first and second electrons is 7.56 and 14.98 equivalent volts respectively, 
whereas the energy required to remove the valence electron of hydrogen 
is approximately 13.5 equivalent volts. 

Since the H-ion often ranks next to calcium in its activity in soil col- 
loids large amounts of electropositive elements below calcium in the electro- 
motive series would not be expected in the ash of plants. Since the ioniza- 
tion potential of hydrogen and magnesium are so near together it might 
be expected that approximately the same quanta of radiant energy would 
be required for their optimum assimilation. It is interesting to note that 
magnesium is essential for the formation of fats and oils. Where the soil 
colloids are relatively high in H-ions and Mg-ions the conditions are often 
favorable for the dominance of resinous plants such as coniferous and gum 
trees. Complex ions such as NH 4 -ion may often be an important nutrient 
ion particularly on acid soils. It is apparently readily assimilated by cer- 
tain plants. 

Data on permeability have been assembled by Stiles (63) and they 
suggest that there is a relationship between the order of absorption and the 
strength of ions. As previously noted, it should not be overlooked that the 
low atomic number elements, which may have highly hydrated ions such 
as lithium, in an ion absorption series may not be in agreement with stand- 
ard electrode potentials. 

Some of the most interesting and convincing data on the order of ab- 
sorption of salts or ions are those reported by Hoagland and Davis (30), 
Osterhout ( 48 ), and Coofeb and Blink ( 18 ). These very significant 
data may be interpreted to indicate that there is a very close relation be- 
tween the strength of atomic ions and the absorption of electropositive ele- 
ments. The data reported by Cooper and Blink ( 18 ) suggest that certain 
organisms may absorb isosfceric ions. HaUcystis seems to selectively ab- 
sorb neon-like cations while species of Valonia selectively absorb argon-like 
cations from sea water. Membranes may act as ionic or molecular sieves 
according to McB£or and Kisteb ( 40 ) . Many organisms seem to be able 
to exclude some clothe large strong ions, such as the xenon-like and 
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krypton-like cations. In considering the influence of dimensions of ions 
on the rate of penetration, the radii of hydrated as •well as of unhydrated 
ions may be important. The conflicting, and probably much erroneous, 
data on permeability of ions make it very difficult to formulate a general 
statement concerning the order of penetration of materials. The best avail- 
able data certainly suggest that many organisms tend to differentially 
absorb atomic ions in the same order as they appear in the electromotive 
series. Since the nature or porosity of membranes, the magnitude of the 
hydrated and unhydrated radii of ions, and the utilization of ions by organ- 
isms may greatly influence the order of absorption of materials, it is diffi- 
cult to establish an absorption series for various membranes. 

Relation of mineral content of plants to shade tolerance and 

feeding value 

It is logical to assume (and the results from experiments seem to 
justify the assumption), that pasture plants grown on soils where the 
complex is favorable for autotrophic bacteria and the chemosynthetic 
production of carbohydrates, such as occurs in the nitrification and sul- 
phofication processes, have a relatively high feeding value. Chemosynthesis 
is stimulated by the presence of metallic elements with relatively high 
standard electrode potentials such as K, Na and Ca. The free energy 
decrease in the formation of certain compounds of these elements is suffi- 
ciently large to satisfy the energy requirements of the autophytic soil 
organisms. Baas-Beckinq and Parks (8) have summarized some of the 
data on the energy requirements of autophytic bacteria. Buchanan and 
Fulmer ( 14 ) have also compiled data on the energy requirements of cer- 
tain organisms. The utilization of the relatively stable nutrient com- 
pounds by crop plants will probably require relatively large quanta of 
light energy and may result in the formation of organic compounds of 
high feeding value. Plants which require a fertile soil, or strong ions, 
are not very tolerant of shade and usually have a high feeding value. 

Since the discovery was made that light having a wave length between 
3130 and 2900 Angstroms or approximately 3.94 to 4.26 equivalent volts 
protect animals from rickets, there has been an interest in securing foods 
which may supply equivalent quanta of energy. The researches of Steen- 
bock and Black ( 62 ), Hess and Weinstock ( 29 ), Knudson and Moore 
( 36 ), Laurens ( 37 , 38 ) and numerous others have shown that the radia- 
tion which renders foods active biologically is similar in wave lengths 
to that which protects animals against rickets when they are directly ex- 
posed to the rays. Shohl, Bennett and Weed ( 58 ) and others have 
shown that the acid-base content of the diet is an important factor in 
either the production or the cure of experimentally induced rickets. These 
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experimental results suggest that in certain cases the stability of the cal- 
cium and phosphorous compounds available to the organism is an impor- 
tant factor. The data in tables III and IV indicate that the less stable 
forms of phosphorus, such as H s P0 4 , are much more easily assimilated 
than the more stable forms such as Ca 2 H 2 (P0 4 ) 2 or Ca g (P0 4 ) 2 . The latter 
two compounds very probably require relatively larger quanta of energy 
for their assimilation than do the less stable combinations. 

Physiological effects of radiant energy 
Since many organisms selectively absorb the strong ions, it is necessary 
to consider the quality of radiant energy required for the optimum utiliza- 
tion of various nutrient ions. Hoagland, Davis and Hibbard (31) and 
Tottingham and Lowsma (66) have found that light effects the intake of 
certain nutrient ions by plants. 

Table III gives the approximate energy corresponding to various wave 
lengths of radiation in gram-calories and volt-Faradays. At sea-level the 

TABLE III 

Approximate equivalent energy corresponding to various wave lengths op light 
in gram-calories and volt-Faradays 


Color op light 

j 

Wave length in ! 
Angstroms t 

Energy 

Gram-calories 

Volt-Faradays 

Infra-red 

30000-7500 

9,432- 37,800 

0.41-1.64 

Bed 

7500-6500 

37,800- 43,630 

1 .64-1.89 

Orange 

6500-5900 

43,630- 48,060 

1.89-2.08 

Yellow 

5900-5750 

48,060- 49,320 

l 2.08-2.14 

Green 

1 5750-4900 

49,320- 57,880 

2.14-2.51 

Blue 

4900-4550 

57,880- 62,330 

2.51-2.70 

Violet .. i 

1 4550-3950 

62,330- 71,800 

2.70-3.11 

Ultra-violet ... 

i 3950-2900 

i 

71,800- 97,900 

3.11-4.26 

Ultra-violet* 

2900-2000 ' 

97,900-142,000 

4.26-6.16 


* Artificial, a very low intensity or none in the solar spectrum. 

short wave length limit of the solar spectrum is around 2900 Angstroms. 
Each wave length has* a definite energy value. The shorter the wave length 
of radiation, the larger the quanta of radiant energy. The size of quanta 
in the shortest wave lengths of the solar spectrum is about two to two and 
one-half times the size of Up .quanta in red radiation. 

As living matter is a nSmsed system, radiant energy may be effective in 
nutrition (1) by decompoc«hiutrient compounds, (2) by causing a change 
of valence of certain elemjfets and (3) by activating certain molecules, 
atoms, or ions. The resonance radiation from activated materials may be 
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an important factor in the catalytic activity of certain materials. There- 
fore the energy necessary for the decomposition or the reduction of nutri- 
ents and the resonance radiation from activated materials are of special 
interest in nutritional studies. 

It is possible to get the approximate relative mi nimum energy of decom- 
position of certain simple compounds from their standard electrode poten- 
tials (20). The approximate relative energy of formation in volt-Faradays 
of various chlorides, calculated from standard electrode potentials and the 
equivalent quality of light energy, are given in table IV. Radiant energy 
equivalent to or greater than the free-energy decrease in the formation of 
simple electrolytes may be necessary for their optimum assimilation by auto- 
phytic plants. Elements which cannot be readily reduced by the radiant 
energy characteristic of the solar spectrum are not found as actual constitu- 
ents of many organic compounds. 

TABLE IV 

Approximate relative heat or energy or formation, calculated from electrode 

POTENTIALS, OP SOME NUTRIENT ELECTROLYTES AND THE CORRESPONDING 
EQUIVALENT ENERGY VALUE IN LIGHT 


1 

JEmcctbolyti 

' Energy or formation in 
volt-Faradays 

Equivalent light 

ENERGY 

Cui\ 

1.01 

infra red 

HOI 

1.35 

infra red 

NiCl, 

1.57 

infra red 

OoOl 

1.64 

| red 

FeCl, 

1.78 

red 

NH 4 C1 

1.90 

orange 

CrClj 

1.95 

orange 

ZnOl, 

2.11 

yellow 

MblCIj 

2.45 

green 

A1C1, 

2.65 

blue 

MgH 

2.85 

violet 

CaCl. 

3.85 

ultra-violet 

Nad 

4.05 

ultra-violet 

KOI 

4.28 

ultra-violet 

H,PO, 

1.70* 

red 

Ca(OH), 

2.91 

violet 

CaJJ a (PO,)j 

4.20* 

ultra-violet 

OaF, 

4.46 

ultra-violet 


* Calculated from discharge potential of acid. 


The relative equivalent energy gf formation of FeCl 2 corresponds to the 
equivalent radiant energy in red light. The corresponding value for MgCls 
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is equivalent to the energy of violet light. Arthur (3) has shown that the 
elimination of either the red or blue portion of the spectrum greatly affects 
the growth of certain plants. Shull (59) has called attention to the selec- 
tive absorption of light by leaves in the red and blue violet portion of the 
spectrum. It was observed by Sayre (53) that wave lengths of radiant 
energy longer than 6800 Angstroms, which is equal to 1.81 equivalent volts, 
are not effective in the formation of chlorophyll in seedlings. This value is 
very near the decomposition voltage of FeCl 2 which is 1.78 volts. The en- 
ergy for the reduction of B0 8 _ : _ to B0 2 - is also 1.78 equivalent volts. 
This may indicate that certain iron and boron compounds selectively absorb 
similar quanta of radiant energy. 

Chlorophyll “a” has a strong absorption band around 6800-6370 Ang- 
stroms, equal to 1.87 to 1.84 equivalent volts. It has another strong absorp- 
tion band around 4300-4400 Angstroms, equal to 2.87 to 2.80 equivalent 
volts. These values are in close agreement with the decomposition voltage 
of MgCl 2 and the reduction of HCO s ~ to HC0 2 " which is 2.85 volts. This 
indicates that these two materials selectively absorb similar quanta of radi- 
ant energy. Some of the less intense absorption bands of chlorophyll are in 
close agreement with the decomposition voltages of certain compounds of 
elements absorbed by plants as shown in table IV. There is apparently 
selective absorption of radiant energy around the critical decomposition 
potential of certain nutrient materials. It seems as if growth of plants is 
intimately related to the absorption of radiant energy approximately 
equivalent to the decomposition or reduction energy of certain nutrient 
compounds. A paper on the relation of nutrients to the formation of 
chloroplast pigments by Schertz (54) is of special interest in this connec- 
tion. Spoehr (61) has presented a comprehensive discussion of this gen- 
eral topic. 

The relation of decomposition voltage to nutrition is nicely demonstrated 
in the prevention or curing of experimental rickets by ultraviolet radia- 
tion. Bickets induced by a high calcium and a low phosphorus diet can 
be cured by exposing animals to light wave lengths between 3130 and 2900 
Angstroms which is equal to 3.94 to 4.26 equivalent volts. Maximum activ- 
ity is from 3020 to 2970 Angstroms or 4.08 to 4.17 volts according to 
Coblentz and Stai& (16). The decomposition voltage of calcium phos- 
phate as calculated from standard electrode potentials of Ca + + (2.50 volts) 
and the discharge potential of H 2 P0 4 ~ (1.70 volts) is 4.20 volt-Faradays, 
which is equivalent to the energy in ultraviolet light as shown in tables III 
and IV. This suggests that the prevention of rickets in animals utilizing 
calcium phosphate may require radiant energy approximately equivalent to 
the decomposition voltage of calcium phosphate. It is suggested by Shear, 
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Washburn and Kramer (56) that bones may be- composed of CaHP0 4 in- 
stead of Ca,(P0 4 ) 2 . Clark (15) found that ultraviolet light decomposed 
compounds of calcium and protein, and increased the ionic calcium in blood 
serum. Food stuffs which supply quanta of energy necessary for decompo- 
sition of calcium compounds may also be effective 'in preventing rickets. 
The decomposition voltage for H,P0 4 is 1.70 volts, which is equivalent to 
the energy in red light. The relative energy of formation of Ca(OH) s is 
2.91 volts or equivalent to the energy in violet light. These data on the 
energy of formation of compounds suggest that rickets may in certain caseB 
be prevented or cured by supplying the animal, either in food or in radiant 
energy, the quanta of energy equivalent to the decomposition voltage of the 
calcium and phosphorus compounds being utilized by the animal (56). The 
data presented by Shohl, Bennett and Weed (58) definitely suggest that 
where calcium and phosphorus are available in less stable combinations than 
calcium phosphate, relatively small quanta of radiant energy may produce 
normal development. 

Calcium phosphate is light stable to near the extreme short wave length 
limit of the solar spectrum. It would not be expected to be light stable 
beyond the short wave length of the solar spectrum. The only other com- 
mon nutrient calcium compounds which would be expected to be more light 
stable than calcium phosphate are compounds of calcium and fluorine as 
shown in tables III and IV. The enamel of teeth contains considerable 
fluorine which makes it very light stable, probably not being affected until 
the quanta of radiant energy are much larger than is characteristic of the 
solar spectrum. The relation of fluorine to the development of teeth has 
been discussed by McCollum, Simonds and Becker (42). Since consider- 
able quantities of fluorine are found in many phosphate materials which are 
used as plant nutrients, fluorine may be present in many plants. 

It is probable that many of the reactions caused by the absorption of 
radiant energy are due to oxidations and reductions or processes in which a 
change of valence takes place, with the liberation of 0 2 from the reduced 
compound. The approximate equivalent minimum radiant energy required 
for the reduction of some common nutrient anions is given in table V (32). 
An inspection of this table shows that there is a great difference in the sta- 
bility of the common nutrient anions. It is noted that the NO, - may be 
reduced by infra red, BO, — by red, HS0 4 - by blue, HCO, - by violet and 
H 2 P0 4 - by ultraviolet radiation. These data definitely suggest the reason 
why many plants respond so readily to nitrate nitrogen, particularly in 
nutrient solutions containing strong cations. The marked response of cer- 
tain plants, particularly legumes, to boron compounds as reported by 
Brenchley (12), Sommer and Lipman (60), Collins (17), Johnston and 
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Dobs (33) , may be definitely related to the small quanta of energy required 
for the reduction of borates. The sulphate and carbonate ions require a 
large quantum of energy for their reduction, while the phosphate ion is rela- 
tively stable and requires ultraviolet light for reduction. Habbis (27) has 
noted that there is a group of light waves equal to 2.83-4.24 equivalent volts 
' which has a marked effect upon the metabolism of rats and mice ; an in- 
crease of 20 per cent, in C0 2 output was observed. These rays are very 
close to the minimum energy, 2.85 equivalent volts, necessary for the reduc- 
tion of the HCOj-ion which would probably result in the splitting off of O s 
and CO s . 

TABLE V 

Equivalent minimum radiant energy required tor the reduction or sous 

NUTRIENT ANIONS 


NQ,* + infra red radiation 11757 A = NO,' +1/2 0, 

BO, — + red radiation 6935 A = BO,* +1/2 0, 

HSO,*+ blue radiation 4572A = HSO,* +1/2 0, 

HCOr + violet radiation 4332 A = HCO-- +1/2 0, 

H,PO," + ultra-violet radiation 3685 A = H,PO,- +1/2 0, 

H JPO,* + ultra-violet radiation 3259 A = H,PO," + 1/2 0, 


The selective absorption of strong ions and of relatively stable com- 
pounds may limit or exclude the absorption of essential light sensitive ele- 
ments, which have relatively low standard electrode potentials, such as 
iron, manganese and copper. The strength of ions which are. endured by 
plants may influence their shade tolerance and palatability. In general 
the plants which grow well on relatively poor soil are more likely to be 
tolerant of shade, since they probably utilize mostly relatively weak ions. 
While the plants which require fertile soils and strong ions usually have 
a high feeding value. 

The above mentioned relationships clearly indicate that there is a close 
relation between the heat, or energy, of formation and the energy required 
for decomposition, or the reduction of various nutrient compounds, and 
the quality of light necessary for their optimum assimilation by autophytic 
plants. The very interesting and significant work on the physiological 
effect of light at the Boyce Thompson Institute for Plant Research reported 
by Arthur (3), Arthur and Newell (4), Popp (49) and Shirley (57) 
are of particular interest in this connection. Their work shows that plants 
respond differently to various intensities and qualities of light. Shirley 
(57) found that redwoods and loblolly pine survive under a low’ light 
intensity. Also certain coniferous seedlings were found by Bates and 
Roeseb (9) to tolerate very low light intensities. These relations might 
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be expected since such plants grow successfully on relatively poor soils and 
are tolerant of weak nutrients ions. But the sunflower plants which make 
their optimum growth on fertile soils and are very tolerant of strong ions 
require higher light intensity for optimum growth. The work of Popp 
( 49 ) indicates that tomatoeB and soybeans do not require for optimum 
growth as short wave lengths of light as do sunflowers and Sudan grass. 

The bimodal growth or production curve often observed in biological 
material may be related to the stability or sensitivity to solar radiation 
of the available nutrient compounds. Adsorption potentials and diffusion 
coeflicients as calculated from mobilities of ions may also be important 
factors in determining bimodal growth curves. 

Substitution of one nutrient element for another within a 
family or group of elements 

The selective absorption of certain nutrient materials with relatively 
high standard electrode potentials indicates that within certain limits 
organisms may absorb materials with a positive or a negative charge of 
electricity rather than any specific ion. Therefore the ash constituents of 
a plant are largely determined by the available nutrients in the soil. This 
makes it necessary to consider groups of possible nutrient elements rather 
than any single ion. Since families of elements are qualitatively alike 
their chief differences are largely quantitative in character. Therefore one 
member of a family of elements may partially substitute for another in 
the nutrition of organisms. Breazeale (11) found that certain nutrients 
effect the absorption of others. 

Elements may substitute for one another in nutrition in several ways 

(1) by substituting as an actual constituent of a specific organic compound, 

(2) in oxidation reduction reactions and (3) as catalytic agents. The 
possibilities of substitution in the two latter cases are probably much 
greater than in the first. 

In the alkali metal family considerable quantities of Rb, K, Na and Li 
may be found in various plants. Certain plants can apparently utilize 
Rb for a certain quantity of K. More Rb than K was found in the grow- 
ing points of cereals by Ramaoe ( 50 ). Certain plants seem to get along 
quite as well with Na as with K. A large amount of Li is toxic to many 
plants. There is often an inverse relation between the Mg, Ca, and Sr 
in organisms. Some relations between calcium and strontium in nutrition 
have been discussed by Wheeler ( 66 ), and Kinney and McCollum ( 35 ). 
Haas ( 36 ) reports the inverse relation between the content of Ca and Mg 
in plants and their relation to chlorosis. 
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In the halogen family the elements differ widely in their electrical prop- 
erties. Fluorine is the most electronegative element and its compounds 
are relatively light stable, while iodine forms unstable compounds. Iodine 
compounds are relatively easly decomposed by radiant energy which is 
characteristic of the solar spectrum. It is highly probable that the marked 
contrast in the physiological effect of F and I is related to their sensitivity 
to radiant energy. McClendon (41), and Obr and Leitch (47) have dis- 
cussed extensively the relation of iodine to nutrition. Chlorine and bro- 
mine are intermediate between F and I in their properties, and there is 
apparently a rather wide range in the substitution of Br for Cl with cer- 
tain organisms, according to data presented by Hoagland, Davis and 
Hibbard (31). 

Nitrogen and phosphorus are in the same family of elements and they 
undoubtedly have many similar functions in the nutrition of organisms. 
A liberal quantity of one of these elements may enable an organism to 
function normally with a minimum quantity of the other. The works of 
Clark (15) and Csapo (21) suggest that under certain conditions a high 
blood protein content may interfere with the precipitation of calcium phos- 
phate and normal bone formation. It is suggested that ultraviolet radia- 
tion may decompose the compounds of calcium and protein and increase 
the ionized Ca in the blood. 

In oxidation-reduction reactions there is a possibility of a rather wide 
range of substitution. Nitrates, borates, sulphates, carbonates and phos- 
phates may undergo reduction by the absorption of radiant energy char- 
acteristic of the solar spectrum. 

Many of the elements which act as catalysts are found in the transition 
series in the periodic chart of the elements. The color of ions and the 
catalytic properties of elements in the transition series may be definitely 
related to the comparatively small energy difference between any two states 
in which valence electrons may exist. The resonance radiation from 
these easily activited elements may be an important factor in determining 
the catalytic activity of certain materials. Similar responses may be ex- 
pected from elements with atomic numbers from 21 to 30 including Sc, 
Ti, Y, Cr, Mn, Fe, Co, Ni, Cu and Zn. It has been observed by Felix (23), 
Allison, Bbyan and Hunter (1), Bryan (13), Willis (69), that certain 
of these constituents are effective in increasing plant growth, particularly 
on organic soils relatively high in strong cations. The researches of Hart, 
Steenbock, Waddell and Elvehjem (28), Titus, Cave, and Hughes (64) 
and Beard, Myers and Shipley (10) have shown that such materials as 
Mn, Fe and Cu may have similar or supplementary effects in the nutrition 
of animals. It is possible that similar physiological responses might be 
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produced by some of the transition elements in the fifth and sixth periods 
of the chart of the atoms. 

Summary and conclusions 

1. Ash analyses of pasture grasses, selected from the four major asso- 
ciations found in New York pastures, are presented. 

2. These analyses show that there is a close correlation between the 
standard electrode potentials of elements and the amount of the various 
minerals in the ash of plants. 

3. The samples taken from productive soils contained relatively large 
amounts of those elements which form strong ions, while the samples taken 
from unproductive soil contained a relatively low ash content and were 
relatively high in the elements which form weak ions. 

4. A negative correlation exists between K 2 0 and CaO and between CaO 
an P 2 O s in the ash of plants. Calcium seems to be negatively correlated 
with the strong anionic materials which suggest that plants growing on 
alkaline soils may absorb considerable quantities of the hydroxyl and 
bicarbonate ions. 

5. There seems to be a relation between the strength of ions a plant 
will endure and its shade tolerance and feeding value. Plants which 
make their optimum growth on fertile soils and require strong ions are 
not very tolerant of shade and are of high feeding value, whereas plants 
which grow on poor soils and endure relatively large quantities of weak 
ions are more shade tolerant and usually have a lower feeding value. 

6. Radiant energy may be effective in nutrition (1) by decomposing 
nutrient compounds, (2) by reducing or causing a change of valence of 
certain material and (3) by activating certain atoms or ions, which may 
emit resonance radiation. The approximate relative free energy decrease 
in the formation of certain simple electrolytes may be secured from stand- 
ard electrode potentials. 

7. The results of recent experiments by numerous investigators indicate 
that radiant energy equivalent to the decomposition voltage seems to 
greatly facilitate the assimilation of calcium phosphate. This is nicely 
demonstrated by the effect of ultraviolet light in the prevention or cure 
of rickets. 

Since within certain limits organisms appear to absorb materials with 
a positive or negative charge rather than any specific ion, it is possible 
that one element may substitute for another within a family or group of 
elements. The extent of the possible substitution will probably vary with 
the organism and the properties of the elements involved. 

Many catalytic agents are in the transition series of the periodic chart 
of the atoms. The color of ions and the catalytic properties of elements 
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in the transition series may be definitely related to the comparatively small 
energy differences between any two states in which valence electrons may 
exist. The resonance radiation from easily activated materials may be an 
important factor in determining the catalytic activity of certain materials. 
The energy relations discussed in this paper prove very useful in inter- 
preting some of the recent experimental results on the effect of radiant 
energy on organisms. 

Department or Agronomy, 

Cornell University 
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PRELIMINARY RESULTS IN MEASURING THE HARDINESS OP 

PLANTS 1 

S. T. Dexteb, W. E. Tottingham and L. P. Gbabeb 
(with two figures) 

The injury of plants occasioned by winter conditions has been a subject 
of great interest and importance to plant breeders and agriculturists. The 
development of hardy strains has been, and is, one of the principal means 
of combating losses caused by injury from cold, although cultural methods, 
as well, have been adapted to help the plant survive the rigors of its climatic 
environment. 

Recognition of the degree of hardiness has necessitated field trials com- 
monly requiring extended periods of time, during which weather conditions 
may be too mild to test the relative hardiness in one season, while so severe 
in the next that hardy as well as tender varieties and strains are severely 
injured. It is quite evident that a rapid means of measuring relative de- 
grees of resistance to cold of strains and varieties of plants, grown with 
various cultural procedures, would hasten progress in the work of plant 
breeders, as well as facilitate investigations of the physical and chemical 
nature of the hardening process, and its relation to the resistance of plants 
to low temperatures and other climatic conditions. 

No attempt will be made to review the literature on hardiness or reac- 
tions of plants to freezing in reference to changes in permeability, colloidal 
.structure or compositional variations. It seems to be generally accepted 
that the injury, or killing of tissue, by cold, or by any other means, involves 
-the disorganization of the substances essential for carrying on the processes 
of life. With such disorganization, it is well recognized that the cell loses 
its capacity to regulate the diffusion of its soluble contents. Upon this 
basis, it was assumed that the degree of injury from low temperature, to 
overwintering and other plant structures might be correlated with the 
•exosmosis of electrolytes and other materials following exposure to cold. 
Such outward diffusion of electrolytes can readily be estimated by con- 
ductivity measurements. Other investigators have applied conductivity 
methods to problems involving the viability of seeds, and the injury of 
plant and animal tissues. 

To test this hypothesis, alfalfa roots of three varieties of known hardi- 
ness (Gr imm, Utah Common, and Hairy Peruvian) were frozen under con- 

1 Contribution from the departments of Agricultural Chemistry and Agronomy of 
the Wisconsin Agricultural Experiment Station, Madison, Wisconsin. Published with 
■±he approval of the Director. 
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trolled conditions, for various lengths of time, and at various stages of 
growth throughout the autumnal season. The plants used were grown 
under fertile soil conditions from seed sown on July 13, 1928, in plats on 
the University Farm at Madison, Wisconsin. They were not cut that 
season, and the stands in all plats were excellent. They survived the very 
favorable winter season of 1928-29 without apparent injury. 

During the growing season 'of 1929, a half of each plat was cut twice, 
on July 9 and September 12, when the plants were in full bloom, while the 
remaining half of each plat was cut four times, on June 22, July 9, August 
13, and September 12. This latter treatment was one which would greatly 
inhibit the storage of organic foods in the roots, while the two-cutting treat- 
ment would provide for an abundance of such reserves. 

Preliminary work during the early autumn showed that much more 
extensive outward diffusion into distilled water occurred when the roots 
had been frozen than when they were uninjured, but no varietal differences 
were observed. On September 21, 1929, a standardized procedure was first 
applied to this study. Boots were dug from the plats of alfalfa cut only 
twice and such alfalfa was therefore “high” in reserve food content. They 
were trimmed at the crown, to leave buds for further development, cut to 
a uniform length of seven inches, then washed hurriedly but thoroughly in 
running water, by taking a small bunch of roots and rubbing them between 
the hands, thus giving little opportunity for exosmosis in the washing 
process. The roots in bunches of several hundred were then covered with 
a damp cheese cloth, whereupon gradual evaporation brought the specimens 
to a uniform condition of surface moisture. 

Samples consisting of 8 roots, trimmed at the base when necessary, to 
weigh 20 grams, were selected and placed in Pyrex test tubes (1x8 in.), 
closed with rubber stoppers. Five such tubes of each variety were placed 
in a circular rack, for each freezing treatment. The freezing was carried 
on in a cylindrical ice cream can of five gallon capacity, in a large thermo- 
statically regulated electrical refrigerator, where temperatures ranged be- 
tween - 8° C. and - 9° C. The roots were left at this temperature for 1.5 
hours, 4 hours, and 15 hours. In each case, five tubes of roots of each 
variety were similarly prepared, but not frozen. Thus, 15 tubes were not 
frozen but were used ‘as checks ; 15 were frozen for 1.5 hours ; 15 for four 
hours; and 15 for 15 hours. Each tube contained 8 roots, weighing 20 
grams. After freezing, the roots remained in the tubes at room tempera- 
ture for several hours. Three tubes of each variety from each freezing 
treatment were selected for transplanting in the greenhouse, where their 
recovery and subsequent growth might be observed. The two remaining 
tubes of each variety, from each freezing treatment, were placed in a rack. 
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This rack was suspended in a thermostatic water-bath, at 25° C., and to 
each tube, in succession at 2.5 minute intervals, 50 cc. of distilled water was 
added from a pipette. This water completely covered the roots. The tubes 
of roots remained in the bath for a ten-hour period. 

At the expiration of this time, the liquid about the roots was withdrawn 
from each tube in succession, with a pipette, redischarged into the tube for 
mixing, and then again withdrawn and transferred to a conductivity cell, 
where the reading of resistance was taken to the nearest ohm. This pre- 
caution of thorough mixing appeared, upon investigation, to be unneces- 
sary, but was nevertheless adhered to. The roots were removed from the 
tube and the solution was preserved for further chemical study. In this 
way, each tube of roots had an equal time for exosmosis into water. In 
several preliminary experiments it had been found that there was little 
change in conductivity after ten hours, and this interval was, therefore, 
chosen for all later experiments. 

The freezing periods of 1.5 hours, 4 hours and 15 hours were chosen 
after some study, in the hope that the brief freezing would show slight 
injury, while the fifteen-hour freeze would completely kill all varieties. 
The one and one-half hour freeze was discontinued after four trials because 
the injury to the roots, as shown by the greenhouse checks, was slight in 
the later part of autumn. The fifteen-hour freeze was sometimes omitted 
to permit other experiments to be run. The four-hour freeze was run 
regularly at weekly intervals. 

The average values for the specific conductivity, determined in duplicate 
in each case, and expressed in reciprocal ohms, on each date, for each 
variety are given in table I, and are represented graphically in figure 1. 
The figures presented are for the four-hour freeze. 

TABLE I 

Specific conductivities (xJ0‘) in reciprocal ohms, or water extracts from roots 

OP ALFALFA, AFTER FREEZING FOR FOUR HOURS. AN INTERVAL OF TEN 
HOURS WAS ALLOWED FOR EXOSMOSIS 


Variety 

Sept. 

21 

Oct. 

11 

Oct. 

18 

Oct. 

25 

Nov. 

1 

Nov. 

8 

Nov. 

15 

Nov. 

27 

Grimm 

1632 

1260 

3015 

921 

549 

781 

629 

484 

Utah Common 

1667 

1256 

1235 

1200 

1177 

1215 

1270 ! 

! 870 

Hairy Peruvian 

1624 

. 

| 1459 

1375 

1535 

1365' 

1447 

1257 

1 1475 


No varietal difference was found in hardiness as measured by exosmosis 
from samples dug and frozen September 21, but during the latter part of 
October and the month of November prominent varietal differences are evi- 
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dent. This indicates that a very definite hardening process occurs in 
Grimm alfalfa during the fall period, while Peruvian has about the same 
resistance to cold on November 27 as on September 21. The Utah Common 
is intermediate throughout this period, but the hardening process seems to 
be delayed until the advent of freezing weather on or about November 19. 

Apparently, the reaction of the plant to the climatic environment of the 
autumn period has much to do with its resistance to cold. The external 
appearance of these varieties growing under field conditions was markedly 
different during October and November. The last cutting was made on 
September 12, but owing to dry weather, there was very little growth re- 
covery in any variety until September 28, when regeneration was stimu- 
lated by abundant rainfall. The character of this recovery varied widely 
in the different varieties. The growth of the Peruvian was rapid and up- 



Fig. 1 . Specific conductivity of water extracts from roots of alfalfa after freezing 
for four hours, and with an interval for exosmosis of ten hours. (Solid curve represents 
Grimm). 

right, and on November 27 the frozen top growth measured about 14 inches. 
The Grimm alfalfa grew very slowly, and instead of being upright, was 
semi-decumbent. Just prior to freezing weather, the stems averaged about 
three or four inches in length. The Utah Common alfalfa was somewhat 
intermediate between the Grimm and the Peruvian with respect to its top 
growth. This description of the autumnal development of the three va- 
rieties is but another way of expressing the differences in dormancy. 
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No killing frost occurred until late in the season, and the top growth 
of the Peruvian was not killed until November 19, while the ground re- 
mained unfrozen until November 21. On November 27, when the last 
samples were dug for the conductivity experiments, the ground was frozen 
to a depth of about five inches. The exosmosis of all such samples tested 
without further freezing showed no injury from this frozen condition of 
the soil, while additional artificial freezing for four and fifteen hours 
(figures 1 and 2) caused considerable damage to the roots. The outward 



Fig. 2. Specific conductivity of water extracts from roots of alfalfa after freezing 
for fifteen hours and with an interval for exosmosis of ten hours. 

diffusion of electrolytes is also indicated in table II by conductivity mea- 
surements after a fifteen-hour freezing treatment. Each value is the 
average of two determinations. This table is expressed graphically in 
figure 2. Again it is evident that Grimm alfalfa was no more resistant to 
cold on September 21 than were the other varieties, but in November, 
prominent differences are evident. 

TABLE II 

Specific conductivities (x 10*) in becipeocal ohms of watee extracts from roots 

OF ALFALFA FROZEN FIFTEEN HOURS. An INTERNAL OF TEN HOURS WAS 
ALLOWED FOR EXOSMOSIS 


Variety 

Sept. 21 

Oct. 11 

Nov. 1 

Nov. 27 

Grimm 

1820 

1457 

1191 

696 

Utah Common 

1647 

1463 

1357 

902 

Hairy Peruvian 

1680 

| 1499 

1689 

1572. 
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In order to check the method against another well established variation 
in hardiness, an experiment was carried out on November 8 and November 
15 with alfalfa plants dug from the half of each plat of alfalfa cut four 
times, so as to facilitate a comparison with the plants cut only twice. With 
each variety, and in every case, without exception, the roots of alfalfa 
with low organic food reserves, due to four cuttings, gave a higher value 
for the specific conductivity than the corresponding roots with high re- 
serves, from plants cut only twice. It has been shown that frequent cut- 
tings lessen the hardiness of alfalfa and such results are corroborated by 
the conductivity measurements. Table III gives the averages of the two 
pairs of determinations, which checked very closely, and which were made 
on roots dug on November 8 and November 15. Differences between Grimm 
alfalfa with high and low reserves are pronounced, as are also the differ- 
ences in the Hairy Peruvian with reference to reserves. The Utah Common 
did not show such wide differences in this respect. In accordance with the 
results of other investigators, the roots of the several varieties as sampled 

TABLE III 

Average specific conductivities or the extracts prom alfalfa roots high and low 

IN RESERVE FOODS. PLANTS WERE DUO ON NOVEMBER 8 AND 15, AND THE ROOTS WERE 
GIVEN A FOUR-HOUR FREEZING TREATMENT. An INTERVAL OF TEN HOURS WAS ALLOWED 


FOR EXOSMOSIS 

Variety 

Cutting treatments 

Two CUTTINGS 

Four cuttings 

Grimm 

705 

1145 

Utah Common 

1243 

1340 

Hairy Peruvian 

1302 

2093 



after the four-cutting treatment showed a significantly lower percentage of 
dry matter than those receiving the two cutting treatment. In percentage 
dry matter as well as in conductivity, the Utah Common, however, showed 
distinctly less difference between the roots with high and low reserves than 
the other varieties. 

As another means* of distinguishing differences in the concentration of 
the exudates in the exosmosis test, the dipping refractometer was used, and 
was found very useful in detecting the larger variations. The instrument 
is not as sensitive as the conductivity apparatus and the slight turbidity 
of the solution often made the readings uncertain when small differences 
might have existed. No attempts were made to clear the solutions before 
examining them. The turbidities of these solutions, however, gave evidence 
of the degree to which exosmosis had proceeded, and very commonly the 
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greater turbidity of the solution from the Peruvian distinguished it from 
the Utah Common, which in turn was more turbid than that of the Grimm 
variety. Preliminary experiments indicate that the percentage of solids 
in the solutions as determined by simple evaporation may be definitely 
correlated with the conductivity figures. Hydrogen-ion concentration, 
determined on only one of the experimental dates, October 18, ‘ gave no 
definite correlation with exosmosis and freezing injury. The volume of 
the precipitate with lead acetate appeared, superficially to be about the 
same for all varieties. 

The concentration of sugars in the solution was also followed through- 
out most of the season, but no fixed relationship appeared to hold. In gen- 
eral, the Utah Common showed greater exosmosis of sugars than the others, 
and Grimm showed the least. 

In order to correlate the amount of injury from each freezing treatment 
with subsequent growth, twenty-four plants of each variety were trans- 
planted in soil under greenhouse conditions. In general, the development 
of these plants gave definite indications of a distinct correlation between 
high conductivity and freezing injury. It is difficult, however, to express 
the degree of growth response in specific terms. While the growth recovery 
after freezing was greatest with the Grimm and always the least with the 
Peruvian, there were wide variations in different plants of the same variety. 
Thus, some roots were severely injured at the lower end, but the crown sur- 
vived sufficiently to send out shoots, while others were injured at the crown 
and entirely failed to give growth, although the bulk of the root appeared 
to be relatively sound. Still other roots failed to regenerate even though 
they seemed to be very slightly injured. The renewal of growth by the 
plants subjected to the freezing treatments is often very slow, especially 
when they have been severely injured. In some cases plants were rejected 
as dead after a period of several weeks, whereas growth finally began after 
further opportunity. Roots usually die, however, if growth does not occur 
within three or four weeks, and late growth is always sparse. It is, there- 
fore, difficult at this time to present concise data on the regeneration of 
growth in the greenhouse, after the freezing treatment. In every case the 
Peruvian, frozen one and one-half hours, was markedly slower in its early 
growth recovery than the Utah Common and the Grimm. In no case, did 
plants other than Grimm survive the four-hour freeze. It seems likely that 
the maturity of the buds at the crown may be an important factor in re- 
generation after freezing. 

As a further aid in the determination of relative hardiness by the prin- 
ciple of exosmosis from injured tissue, the following colorimetric tests 
have been tentatively tried on some series, with very promising results. It 



222 


PLANT PHYSIOLOGY 


must be emphasized that the values of determinations of a given ion need 
not necessarily be in the same ratio as the conductivity values. The organic 
materials as -well may interfere with the tests. However, in this experi- 
ment, tests for the chloride ion appeared to correlate very well with the 
conductivity measurements, as far as they have been carried out. Such 
tests may well supplant the conductivity measurement in some cases, and in 
others, they may supplement it. 

To compare the concentrations of the chloride ion in the water extract 
of the roots after freezing, 10 cc. of each solution was treated with 1 cc. of 
5 per cent, potassium chromate solution and 15 drops of N/100 silver 
nitrate. In the absence of chlorides, the solution turns a deep red, or in 
other terms, presence of chlorides in the extract inhibits the development 
of the red color of silver chromate. If there is sufficient chloride to pre- 
cipitate all of the silver, the original yellow color will remain. Solutions 
from roots of Hairy Peruvian alfalfa, frozen 4 or 15 hours, show much less 
coloration of red silver chromate than solutions from roots of Utah Com- 
mon, and in turn, Utah Common show less than Grimm. Thus, Peruvian 
has given more chloride to the solution, by exosmosis, than the other va- 
rieties. The test when applied to the extract from unfrozen roots shows 
practically negligible exudation of chlorides, and the solution turns a deep 
red on the addition of the silver nitrate. The colors produced in the solu- 
tions remain unchanged for several hours and may be referred to a series 
of standard chloride solutions, similarly treated for quantitative compari- 
son from week to week. 

Organic substances interfered with the tests for nitrates with ferrous 
sulphate and sulphuric acid, but the colorations produced in 50 per cent, 
sulphuric acid appeared to correlate fairly well with the conductivity 
measurements. 

These methods should be further standardized. Tests made for the cal- 
cium and sulphate ions were not sufficiently definite to appear of value and 
will not be described here. 

A considerable number of possible variables have been investigated in 
this preliminary work. The size of the roots appears to make no difference 
in either cold injury br exosmosis, within the limits of our field conditions. 
Small roots may be cut longer than usual, or thick roots may be cut to one- 
third of ordinary length to make up the twenty grams of tissue. It does 
not appear to be necessary to use a given number of roots, so long as a 
given weight is employed. The roots may be cut off below the crown with- 
out affecting the experiment appreciably, but if the crown tissue is cut 
away, such roots are not suitable for greenhouse tests of growth recovery. 
Total ash determinations on the roots throughout the fall do not show 
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marked differences in the three varieties. The influence of soil added to 
the solution in considerable quantities was determined, and does not appear 
to be one of the larger variables. The rate of thawing may have consider- 
able influence on the amount of injury and the amount of diffusion, but 
the influence of this variable was not measured. The rate of thawing, how- 
ever, was quite uniform in all the trials reported in this paper. 

The common precautions in conductivity work were employed. The 
tubes for exosmosis and their stoppers were soaked in distilled water for 
a day or two before use, and contamination by electrolytes was carefully 
avoided. With ordinarily careful technique, it does not appear that the 
unavoidable errors in the conduct of the measurements described are suffi- 
cient to affect, in a large degree, the accuracy of these determinations. 

There are many incompleted problems left for further study, which 
will occur to the reader. The possible applications of the method to plants 
other than alfalfa is obvious. The writers plan to investigate some of these 
during the coming months, and to further establish the relationships that 
other variables may have in the reliability of the methods as outlined. It 
seems very likely that modifications, particularly of the colorimetric tests 
will be desirable, at least, in applying them to other plants. 

Summary 

A series of experiments and data has been presented indicating that 
the degree of resistance of plants to injury by cold weather may be mea- 
sured by the diffusion of electrolytes and other substances from chilled or 
frozen tissues into water after such tissues have thawed. The amount of 
diffusion has been determined with alfalfa roots by conductivity measure- 
ments, which have been supplemented by colorimetric tests for chlorides. 
Within the limits of this investigation there exist correlations between 
known hardiness of alfalfa roots and the degree of retention of electrolytes 
by the tissue after freezing. 

The writers wish to express their indebtedness to the Department of 
Physical Chemistry of the University of Wisconsin for the use of con- 
ductivity apparatus, and to the Dairy Department for the use of freezing 
equipment. 

The University or Wisconsin, 

Madison, Wisconsin. 




DORMANCY AND GROWTH STUDIES OF THE AMERICAN 
LOTUS, NELUMBO LUTE A 

WiLtUH C. Mites 
(with eight figures) 

Attempts to establish the beautiful native American lotus in new loca- 
tions have often been marked by failure, a fact which eyokes scientific 
interest in the growth and dormancy habits of this plant. In spite of the 
fact that embryos have been known to sprout after two hundred years of 
dormany (6), it is doubtful if the plant reproduces from seed at all fre- 
quently in nature. The facile multiplication of tubers and the rapid 
growth of shoots from these create a competition for light and space which 
seedlings, if started under natural conditions, could probably not overcome. 
With the lotus in nature primarily dependent upon tubers for perpetua- 
tion, it is not surprising that florists in commercial production also rely 
chiefly upon them rather than upon seeds. The tubers produce a large 
flowering plant in a single season while the seedlings require at least two 
and sometimes probably as many as four years for floral development. 

No record has been found in the literature of successfully growing the 
plant from seed. It is stated (3) that if holes are made in the fruits and 
they are then placed in a pond, their embryos are so delicate that they do 
not survive. In another case no signs of plants were found a few years 
subsequent to the planting of thousands of the fruits sown just as they 
came from the pods (3). The writer is personally acquainted with men 
who have had similar failures. 

Scientifically, interest has centered largely in the germination of 
Nelumbo seeds. Old Indian lotus fruits obtained by Ohga from a pre- 
historic peat bed in South Manchuria are the most striking examples of 
protracted dormancy known to science (6). These were estimated to be 
three hundred to four hundred years old and certainly not less than two 
hundred years. A long period of dormancy has not been recorded for the 
American species but the fruit structure of the two species is practically 
alike and no sign of swelling occurs in either after being kept in water for 
several months (2). 

Ohga (0) found concentrated sulphuric acid treatment to be the easiest 
method of overcoming this dormancy. Fifty per cent, chromic acid and 
concentrated potassium hydrate also overcome the impermeability after a 
longer period of time. According to his work, practically all of the fruit 
coat shows the cellulose reaction. Shaw (9) describes the cells as having 
a middle lamella of a mixture of pectic compounds and lignin, and a cellu- 
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lose lamella on either side which becomes very thick in the palisade cells 
composing the impermeable layer. She also describes a deposit of suberin 
in a lamella between the cellulose and the middle lamella of the palisade. 
In the cells bordering the stomatal cavities the suberin would be the mate- 
rial exposed to reagents. In her conclusions she states that “the only 
possible way to cause water to enter these stomatal cavities in Nelumbo 
lutea is to remove the fatty suberin lamella by some solvent. Aside from 
this method the only way to germinate these fruits is by filing the coats 
through the palisade layer, or by removing this layer by strong reagents.” 

Both Ohga and Shaw considered the stomatal cavities as places of 
attack but Ohga also considered the vascular scar at the basal end, the 
protuberance and the stylar canal, as points of water entry. After a 
thorough microscopical investigation he suggested a possibility of entrance 
at the stylar canal but said it would be rather difficult, and thought that it 
would be impossible at the other two points. In the present work, treat- 
ment with Schweitzer’s reagent for seventy-five to two hundred hours made 
the fruits permeable, and the embryos developed normally. A three-hun- 
dred hour treatment destroyed the embryos. The reagent apparently gained 
entrance at the stylar end, that being the first portion of the coat to show 
swelling after the fruits were placed in water. Shaw probably is correct 
in stating that a fat solvent is necessary for dissolving the retarding layer 
in the stomatal cavities, but the statement that the only possible way to 
cause water to enter is by means of such a fat solvent, filing, or strong re- 
agents does not appear to be correct, unless Schweitzer’s reagent be classed 
as one of the latter. Further, in view of the specificity of Schweitzer’s 
reagent, cellulose tissue, doubtless, participates in maintaining the imper- 
meability of the fruit coats to water. Thus, a cellulose layer of cells may 
be chiefly responsible for the protracted dormancy of Nelumbo fruits. 

Despite the searching investigations of Ohga (4, 5, 6, 7), Shaw (9), 
Jones (2) and others on the structure and behavior of the fruits, little is 
known concerning the development of seedlings or methods of establishing 
the plant in new locations by means of fruits or tubers. Difficulty in estab- 
lishing new lotus beds suggests that the normal development of the plant 
may be profoundly influenced by certain specific environmental factors. 
This report deals primarily with the effects of certain factors on the growth 
of Nelumbo lutea. 

Methods 

The physico-chemical nature of the soil, as well as temperature, were 
thought to have some influence on the development and distribution of the 
plant. The northern limit of distribution is at Lake Pepin in the Missis- 
sippi River between Minnesota and Wisconsin. The low temperature of 
northern streams and lakes may prohibit further advance northward. 
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Higher temperatures from 20° to 30 s C. have been found to greatly accel- 
erate growth, while below 15° C. growth is very limited. This was partly 
determined by growing both seedling and large-tuber plants at 10°, 15°, 
18® and 25° C. The accompanying photograph of seedlings (fig. 1) clearly 



Fra. 1. Growth of seedlings in tap water at different temperatures. Fruits at upper 
right not treated to break impermeability. 

shows that growth is directly related to temperature. The higher the 
temperature the more rapid the growth for the temperatures used. The 
upper thermal limit at which the plant will grow was not determined. 

Slow growth, due to low temperature, would not permit successful com- 
petition with vigorous northern plants; but this does not explain the 
inability to establish the plant in new locations of similar temperature. 
The northward advance may also be prevented by the depth of winter 
frost. That the winter-tubers are destroyed by freezing was readily deter- 
mined by freezing the tubers in water, at - 2.0° to - 2.6° C., for two hours. 
Bisset (1) and Thicker (10), authorities on water gardening, both state 
that the tubers are destroyed by freezing. Destruction of the tubers in 
this manner may account for the lack of success in a new location of shallow 
water. But the depth of ice rarely exceeds two feet even in our northern 
lakes. As the tubers are located six to twenty inches in the soil beneath 
the water it appears that other factors are involved in nature. 

Hydrion concentration has been found to be very influential in the 
development and distribution of plants (11, 12, 18), but little is known of 
its effect on the germination and development of aquatic spermatophytes. 
The large American lotus proved excellent material for such observations. 
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For a study of the effect of various hydrion concentrations galvanized 
iron tanks, 60 x 60 x 120 cm., painted within with an impermeable asphal- 
tum paint, were used (fig. 2). Additions of sulphuric acid and sodium 



Fig. 2. Photograph of equipment for the study of effect of pH on seedling develop- 
ment. Connections for aeration and lighting are shown. 

hydroxide gave the desired pH values. The continued shifting toward the 
neutral point by both acid and alkali solutions was corrected by regular 
additions of small amounts of normal solutions. Daily colorimetric tests 
were made and checked potentiometrically at intervals. 

After the experiment had been running a month and a half, air was 
bubbled into the water through blocks of tulip poplar to maintain circula- 
tion and to prevent the growth of surface organisms. Electric light was 
used in addition to the daylight during the winter months (fig. 2), a one- 
hundred watt bulb being placed above each tank. The lights were turned 
off during the normal period of darkness. Plants were also grown in a 
cement basin (painted inside with the asphaltum paint to avoid rise in 
alkalinity). A small stream of tap water was allowed to run continually 
through the tank, resulting in a pH of 7.7. 

4 

Data and discussion 

The plants grown in the basin showed a normal development as evi- 
denced by their similarity to plants grown under natural conditions the 
previous year in a preliminary study. Four leaves form and then the 
rhizome. There is no hypocotyl and roots do not appear below the coty- 
ledons but at the bases of the true leaves (fig. 3). The second internode of 
the rhizome becomes enlarged into a tuber (figs. 3 and 4) and the plant 
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Fig 3 Photogiapli of typical seedling plant at age of two weeks showing the four 
peltate lea\ts which were present in embryonic form within the one seeded fruit 
(remains of which are still attached), roots from the bases of these lea\cs and first 
node of rluzome, and the tuber de\ eloped in the second mternode of the llnzome 



Fig 4. Seedling tuber, two weeks after germination of the seed at 26° C Growing 
point at the extreme right, the other two points being young 
leaves within stipular sheaths. 
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remains dormant for about three weeks. The first four leaves then begin 
to decay and if the underground parts were not examined, one would be 
apt to think the plants were dying. This striking behavior is a perfectly 
normal condition. Within three weeks after the temporary arrest in 
development, new tissue develops from the tuber and its enlargement is 
very rapid, the rhizome extending through the soil, and leaves and roots 
appearing at the nodes which occur at quite regular intervals. Branches 
of the rhizome also occur at the axils of the leaves (fig. 5). 

For a preliminary study of the effect of the hydrogen ion, pH values 
were established at 11.6, 9.0, 6.0 and 3.3. The two extremes were replaced 
by plantings at 9.7 and 4.5. The plants were most easily grown at pH 
9.0, the one planting being successfully carried for the seven months 
of the experiment. Temperatures taken at the soil surface varied from 
19.5° C. in the winter months to 32° C. in the summer, the average from 
March 22 to July 22 being 25.4° C. The third and later leaves unrolled 
the laminae on the surface and during the last month of the experiment 
projected themselves a considerable distance above the water. The char- 
acteristic growth habit of the plant is shown in fig. 6. 

Comparison of plants at pH 9.0 and pH 4.5 

A comparison of the pH 9.0 plants with those grown at pH 4.5 again 
shows that growth at the lower pH was much more rapid. When the 
former were six months of age and the latter three and one-half months, 
the average area of laminae at pH 4.5 was 31.9 sq. cm. greater than that of 
laminae of pH 9.0 plants. During the following month this difference 
increased, the area of acid laminae exceeding that of the alkaline by 100 
sq. cm. The height of the leaves above the water and the diameter of their 
petioles were also greater in the acid a month later. No tubers were formed 
at pH 4.5. Starch is ordinarily the chief food reserve in these tubers and 
it appears that acidity interfered with carbohydrate storage and tuber 
formation. The laminae, upon microscopical examination showed looser 
arrangement of tissue in the acid plants. This was evidently due to the 
rapid growth in the acid. The slower growth at pH 9.0 was at first thought 
to be due to a greater osmotic pressure in that solution, making absorption 
of materials from thte water and soil more difficult, but determinations of 
freezing points (8) of the solutions in the pH 4.5 and pH 9 tanks showed 
a low osmotic pressure (fig. 7). Growth differences are thus the direct 
result of variations in the hydrion concentration. 

The seedlings at pH 4.5 began to develop brown spots in the laminae 
about a month after their planting. Yellowish wilted spots appeared in 
the spaces between the larger veins four to five days after the laminae 
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Fig 5 Seedling plant at age of seven weeks, at 26° C. Roots from the bases of the 
first four leaves at the extreme left, the tuber in the second mternode and the 
growing point of the mam rhizome at the extreme right. 

unrolled, then turned brown as the cells collapsed and the tissue became 
dry. The dead spots spread over a larger area and soon coalesced, killing 



Fig. 6. A typical plant at pH 9.0, four months from seed. 
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Fig. 7. Comparison of the osmotic pressures 
of solutions in which the plants were 
grown. 


water of several natural lotus beds 
to 8.7. 


the laminae. Tying leaves up a- 
bove the water was found to be a 
remedy for the trouble and from 
then on, nearly all were given sup- 
port until the petioles of the more 
recent leaves raised them above the 
water without assistance. Sections 
made through spots showed no par- 
asitic organisms. The collapse 
occurred first in the layer of tissue 
beneath the palisade. After the 
leaves commenced to rise above the 
water, unaided, there was little 
trouble in caring for the plants. 

In the present work the plants 
were found to grow in a pH range 
from 4.5 to 9.7. Acidity, if not in 
excess, favors growth but the 
plants also develop normally at pH 
9.0. Tests made on the soil and 
ow a hydrion range from pH 5.2 


Soil type effects 

The plants described above as developing at pH 7.7 were grown in a 
loam soil. This basin, however, contained both loam and sand, each cover- 
ing one-half of the floor. The water continually running in from a tap, 
circulated freely to all parts of the tank. The only difference in the two 
portions was in the soil. This arrangement permitted a study of the 
influence of soil types. Equal numbers of fruits were planted in loam and 
in sand after having been treated with concentrated sulphuric acid. At 
an early date a distinct difference in the plants of the two soils became 
apparent. A month after planting it could very clearly be seen that there 
were more leaves of greater surface area on the plants in loam than those 
in the sand. Two weeks later this difference was even more striking (fig. 8) . 
Tubers were found on the seedlings of both soils but were larger in the 
loam than in the sand. The plants remained dormant for three to four 
weeks and again, upon resuming growth, those in the loam greatly sur- 
passed the others in rapidity of development. 

Five months after planting there was a very decided difference, defi- 
nitely showing that the soil type is probably the most important factor in 
the development of Nelumbo. The foregoing conclusion is based upon the 
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Fig. 8. Effect of sand and loam soils on growth of Nelumbo in the same pool at pH 
7.7. Left, sand; right, loam. All plants six weeks old. 


fact that plants in the large culture basin were bathed by the same circu- 
lating solution and hence by the same nutrient solutes. Despite this 
uniformity of the culture solution, the difference in the plants of the loam 
and sandy soils was so striking as to make inescapable the inference that 
the edaphic environment has a much greater effect than the aqueous 
environment on growth. Failure to fully appreciate this fact probably 
underlies many failures to establish the lotus in new localities. Whether 
this edaphic influence is primarily physical, nutritive or biotic remains a 
matter for later study. Organic soils, however, are preferable to mineral 
soils, especially those of siliceous type. 

Conclusions 

1. Despite the long delayed germination and impermeability of the fruit 
coats, Nelumbo plants can be grown successfully from seed. 

2. The plants can tolerate a considerable hydrion range. Water- 
gardeners and lotus enthusiasts should have little trouble as far as acidity 
and alkalinity are concerned in growing the plant in pools ranging from 
pH 4.5 to pH 9.0. 
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3. Difficulty in establishing Nelumbo lutea in new locations is probably 
not aseribable to low temperatures or unfavorable hydrion concentration, 
but rather to unfavorable edaphic factors. Mineral soils, especially those 
of the siliceous type, are inferior to organic types for the development of 
the lotus. 

Uniykksity or Iowa, 

Iowa City, Iowa. 
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TENTATIVE CLASSIFICATION OF SYMPTOMATIC 
TYPES OF “TOMATO POCKETS" 1 

Hamilton P. T a a u b , W . 8. Hotchkiss, 2 and P. R . Johnson 

(with five figures) 

It is conservatively estimated by prominent tomato growers and ship- 
pers in Texas that annually more than 15 per cent, of the Texas tomato 
crop is lost due to a condition commonly known as “Tomato Pops," or 
4 ‘Tomato Puffs.” The trouble is serious in all the Southern States. At 
present the cause or causes of this abnormal condition are unknown, pre- 
senting a challenge to the Experiment Station worker in the South. The 
present paper is presented in order to bring this fruitful field for research 
to the attention of workers generally. 



Fig. 1. Murglobe, fruit with orange-yellow exterior; symptomatic type A; marketable 
before edema-like symptoms develop. 

Method of attack 

During the season 1928, as a part of the general subject of quality in 
fruits, experiments were initiated at the Texas Station with the object of 
determining the cause or causes of this abnormal condition of tomato 
fruits. Although these experiments are in progress it is desirable that the 
problem receive attention also at other Stations since it concerns all the 
Southern States, California, Mexico and the Caribbean Isles. Greenhouse 
tomato growers in the North may also be interested. The method of attack 
includes a consideration of (a) the morphology and physiology of the dis- 

2 Published with the approval of the Director as Paper no. 97 of the Technical 
Series of the Texas Agricultural Experiment Station. 

2 Deceased, July 14, 1928. 
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eased fruit; 1 (b) the possible causal correlation between this abnormal 
condition and virus infection; 4 (c) the temperature, moisture and humidity 
factors, and (d) other factors, such as pollination, light, soil solution, etc., 
singly and in combination. 

Lesley and Rosa (2) state that one self-fertilized line was observed 
which produced a much larger proportion of soft and “puffy” fruits than 
the parent. Breeding for resistance should apparently be given consid- 
eration as a possible method of solving the problem. 



Pig. 2, Marglobe, green fruit ; symptomatic type B; marketable. 


Classification of types 

The work as outlined is a cooperative undertaking in which many are 
taking part, and for this reason it was considered advisable to present a 
preliminary classification of the types of symptoms encountered, for the 
convenience of those engaged on separate phases of the research. In July, 
1928, at Texas Substation no. 2, Troup, over 5,000 diseased fruits were 
examined. The apparently distinct symptomatic types of the disease 
observed are portrayed in figs. 1 to 5, inclusive. There is apparently a 
gradual gradation from one type to another, but for practical reasons four 
types have been named. 

* Prof. F. S. Jamison is engaged on this problem. 

* D re. J. J. Taubenhaus, and W. N. Ezekiel, and Mr. W. H. Friend are cooperating 
on this phase of the problem. 
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Aside from the possible importance of severity of attack, the symptoms 
apparently depend upon the stage of development of the fruit when it 
becomes subject to the disease : 

(a). When the fruits are quite mature at the time of becoming subject 
to this condition they are apparently characterized by senescence of vas- 
cular bundles in the fruit, showing as white areas. The development of 
the ectocarp apparently is retarded in development impeding the normal 



Fig. 3. Marglobe; green fruit; symptomatic type C, not marketable. 

formation of lycopin. As a result, the fruit is of an orange color on the 
outside. At an advanced stage in the development of the fruit, the pla- 
cental tissue and sometimes the meso- and endo-earpal tissues in the interior 
of the fruit mature almost normally, and the fruit becomes “dead ripe” 
when the ecto-carpal tissue is still in a yellow condition. This results in a 
watery interior similar to edema or dropsy. See fig. 1, symptomatic 
type A. This type was observed in only a limited number of cases, and is 
marketable before edema-like symptoms develop. 
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(b). Fruits affected at an earlier stage of their development apparently 
show large areas of opaque, degenerated tissue in the center of the fruit 
conspicuous as white areas radiating outward in the locular walls and 
placentae. See fig. 2, symptomatic type B. This type is marketable. 

(e). Fruits affected at a still earlier Btage of their development are 
apparently characterized by marked contraction of tissues, especially pla- 





Fig. 4. Gulf State Market; green fruit; symptomatic type C, not marketable 

cental and locular-wall tissues. Both surfaces of the locular and outer 
pericarpal walls contract ; the placental tissues contract toward the center 
leaving an “open space” or “pocket” and the outer pericarpal wall is 
tightly stretched from one locular-wall to the other. This leads to distinct 
angularity. The fruit is also relatively light in weight. This is the symp- 
tomatic type commonly recognized and is not marketable. See figs 3 and 4, 
symptomatic type C. 
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(d). Fruits affected at a very early stage are apparently characterized 
by total absence of seeds or reduction in number; in extreme cases, with 
total absence of seeds, the fruit is wholly vegetative resembling a dwarfed 
“witches broom.” Most fruit of this type observed were small in size, but 
medium sized and even large specimens were observed. See fig. 5, sym- 
toinatic type D. This type is not marketable. 

It should be realized, however, that this classification is merely sugges- 
tive and tentative, and that the occurrence of the last named, and possibly 
each of the four types may be due to different causes. Only further experi- 
mentation ean settle these points. 

Nomenclature 

In recognition of the fact that the outstanding symptom of the typical 
diseased fruit, symptomatic type C, is the presence of an “open space” or 
“pocket” in the locules, and that there is no distention but rather a contrac- 
tion of tissues, the name “Tomato Pockets” is proposed in preference to 
the less descriptive terms, “Puffiness” ( 2 ) ; “Hollow Tomato” (1) ; “Puffy 
Tomato” ( 4 ); “Puffing” (3) and “Tomato Pops” or “Tomato Puffs,” 
(local Texas terms). 

Summary 

1. The subjects under investigation concerning the problem of “Tomato 
Pockets” are outlined. 

2. A tentative classification of symptomatic types, A, B, C, and D, of 
the abnormal condition is presented. 

3. Seasons are advanced for the acceptance of the proposed descriptive 
term “Tomato Pockets” in preference to less descriptive local terms. 

Division or Hobticultube, 

Texas Agricultural Experiment Station, 

College Station, Texas. 
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THE ROLE OF MANGANESE IN THE NUTRITION OF LEMNA 1 
Nobman Asbwul Claek and Claude L. Ply 
(with three figures) 

The place of manganese in the nutrition of the green plant has been 
investigated in detail for some years, and numerous claims have been ad- 
vanced with regard to its function, but there does not seem to be any con- 
siderable consensus of opinion as to its effect on the composition of the 
tissues or on the reproduction of the plant. There seems to be an equal 
uncertainty whether manganese should be classed as one of those elements 
which have been claimed as essential for growth (although in small quanti- 
ties), or if it should be put with those which stimulate but are not abso- 
lutely necessary for the existence of the plant. 

In 1920 Olaru published a thesis on the place of manganese in agricul- 
ture (IB) and reviewed the work done throughout the world up to that time. 
In almost all cases manganese had proved favorable to the development of 
plants in soils, although large quantities were decidedly toxic. In liquid 
cultures the addition of suitable quantities of manganese stimulated both 
germination and development. 

Olaru showed that this energetic action of manganese had been ex- 
plained by the many different investigators, in almost as many different 
ways, including among others : catalysis of chemical action in the cell (Ber- 
trand) ; oxidation of toxic substances in the leaves (Loew) ; production of 
chlorophyll (Van Dorn) ; role in photosynthesis (Stoklasa) ; stimulation 
of assimilation of elements (Rousset) ; chemical action on soil salts (Men- 
ozzi) ; increased solubility of calcium salts and silicates (Bernardini) ; 
increased oxidation (Schreiner) ; oxidation and stimulation of bacteria 
(Skinner) ; permeability of protoplasm of cell to salts of calcium and mag- 
nesium (Kelly) ; ratio of iron to manganese (Pugliese). 

By 1925 the amount of information had increased but without altering 
to any large extent the conclusions of Olaru. Influenced by the discussion 
on the essential nature of the vitamins in animal life, investigators gave 
more attention to the place of manganese as a possible essential element in 
plant life, in contrast to its stimulating action. Brenchley (5) in her 
monograph on Inorganic Plant Poisons aud Stimulants in 1927 sums up 
that manganese has a stimulating action on growth in small quantities, but 
large amounts are toxic to plants. The precise way in which this stimula- 
tion is accomplished is not known, and the “essential” nature of the element 
is as yet uncertain. 

J Contribution from the Department of Chemistry, Iowa State College. 
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Several workers have recently reported experiments on plants for which 
manganese seemed an essential. Haas and Reed (12) found that with 
young orange trees they could not get good growth in culture solutions com- 
monly considered “complete,” when the young trees were grown for long 
periods in these solutions. Manganese was among the elements which it was 
necessary to add in traces to remove this condition. Bishop (4) in Aus- 
tralia noted the presence of manganese in 25 species of Eucalypts. In these 
and in wheat, barley, maize, vegetables and fruits, the manganese was con- 
centrated in the parts of the plants where there was the greatest chemical 
change. In his sand cultures he found approximately 5 parts per million 
was the optimum concentration in the nutrient solution supplied, but that 
neutralizing the acid solution with CaCO, enabled plants to grow in 50 ppm. 

* McH argue (14) in 1927 reported the occurrence of a number of ele- 
ments, including manganese, in Kentucky blue grass. From earlier experi- 
ments he had concluded that manganese is essential for the growth of 
plants, and is connected with chlorophyll or protein formation, or possibly 
with the stimulation of enzymes which split fats, sugars and starches, and 
render them available for young seedlings. He suggests here that it is the 
manganese which causes the deep blue color of the blue grass, and he pro- 
poses a theory connecting that element with vitamin production in plants. 
As most of the copper, manganese and zinc occurs in the germ of the seed, it 
may be connected with those vitamins which are found in the germ of the 
seed. Similarly the mineral elements supply the vitamin-forming material 
necessary for the growth of plants, and may become upon resynthesis the 
vitamin factors necessary for animal growth. 

A number of these points can be studied very well in nutrient solutions. 
Aso (3) in 1902 used water cultures and stated that plants could develop 
normally in the absence of any trace of manganese, while Weis (17) more 
recently states that manganese could not prevent chlorosis and that it did 
not influence the plants in solution. These conclusions are not in accord 
with those of Haas, Bishop or McHargue. 

The value of water plants for nutrient studies has been generally recog- 
nized, but the fact that they are specially adapted to the investigation of 
manganese has not been made use of to any extent. Gossl (11) showed 
that marsh and water plants generally gather up considerably more man- 
ganese than land plants; Lemna trisulca, for example, contained large 
amounts. In the experiments reported below, Lemna major ( Spirodela 
polyrhiza) was used. As collected from ponds in central Iowa it showed a 
considerable amount of manganese in its composition. 

Conditions under which the Lemna plants grow have been investigated 
in this laboratory for several years. In 1924 Clare and Roller (10) 
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showed that the plants, if given a suitable medium of inorganic constituents, 
did not need the addition of organic matter in order to reproduce and to 
keep healthy, and that the “auximones” suggested by Bottomley were 
possibly of the nature of stimulants, but could not be classed as essentials 
for the growth of plants. Effects of intensity and duration of light on the 
reproduction were reported by Clark in 1925 (8) and the influence of 
hydrogen ion concentration was investigated in 1926 (7). The medium de- 
veloped in this way has been used by Ashby and his coworkers (1, 2) in 
London with considerable success in the growth and reproduction of Lemna 
minor. A general review of some of the problems connected with vitamins 
and plant growth was given by Clark in 1929 (9). 



The nutrient solution w T as used as indicated by Clark (8) and the initial 
pH was adjusted when necessary to 4.8. Salts were purified by recrystalli- 
zation as described by Clark (8). The technique followed was altered 
slightly by substituting Erlenmeyer flasks for beakers, and these were closed 
with loose plugs of cotton wool. The flasks were placed in a thermostat in 
which the temperature was kept at 25° C. and exposed to sunshine ; no arti- 
ficial light was used. Controls were kept at all times in the standard solu- 
tion along with the other flasks, and conclusions drawn from comparison 
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with these controls. As the light varied at different periods of the year, cul- 
tures grown at different times were compared only through the controls. 

The stock plants were grown in the inorganic solution free of manganese 
for several months before being used for the experiments. They had thus 
passed through some 40 or 50 generations without access to manganese. 
The number of fronds was counted and the reproduction constant, K, cal- 
culated from logi 0 N-log, 0 N () = K(t-t 0 ) (6). The fronds were dried and 
the average weight found. The ash and volatile matter were also deter- 
mined. The method for obtaining the dry weight is somewhat different from 
that outlined by Su (16), who placed the plants for 30 minutes in a vacuum 
of 5 mm. at 50° C. In this laboratory the plants are dried in micro-cru- 



Fig. 2. [Reproduction constant, K, for concentration of manganese from 0 to 10 ppm. 

in the solution. 

cibles of platinum under a partial vacuum in a stream of dry air at 45° C. 
The platinum crucibles were placed in porcelain crucibles in the desiccating 
chamber, and when the plants were dry (half an hour or over night showed 
no change in weight) the lids were placed on the porcelain crucibles, and 
the whole transferred to a sulphuric acid desiccator until room temperature 
was reached ; or the desiccating chamber was allowed to cool and the plati- 
num crucibles transferred to a closed weighing bottle of known weight 
which was kept in the case of the Ainsworth microbalance (13). It was 
found necessary to have the weighing bottle in the balance. (If kept in the 
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drying chamber the condensation of moisture during the weighing is very 
variable.) 

Figure 1 shows some typical curves representing the average dry weight 
and ash content of the fronds both in the medium without manganese and 
with additions of manganese chloride to make concentrations of that ele- 
ment from 1 to 10 parts per million. It will be seen that there is in every 
case a rapid rise in both dry weight and ash as the manganese is added until 
a maximum is reached at about 1 or 2 ppm., after which both are irregular 
to 10 ppm. Above 10 the manganese concentration becomes increasingly 
toxic and the plants die off rapidly in the higher concentrations. The rate 



Fig. 3. Average weight and ash, and reproduction constant, K, with logarithm 
(plus 10) of the ppm. of manganese in the solution, as abscissa. Scale for ash weight 
is 10 x dry weight. 


of reproduction, however, as represented by the constant, K, does not show 
any regular increase with the addition of manganese. This is shown in 
figure 2. From 1 to 10 parts per million there is a tendency for K to de- 
crease, and in the region of these concentrations the plants frequently show 
loss of roots and brown spotting. 

That about 1 ppm. of manganese is the concentration for maximum dry 
weight and maximum ash content under these conditions, is clearly shown 
in figure 3, where the abscissa is the logarithm of the ppm. When the aver- 
age of eight or ten sets of weighings was used, the maximum for both dry 
weight and ash was very close to 1 ppm. No such rise is shown in the repro- 
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duction constants in figure 3 and the average of eight or ten sets gave an 
almost horizontal line until close to 1 ppm. The influence of the manganese 
is therefore probably upon the assimilation of the plant and not upon the 
reproductive function, at least until the region of toxic concentration is 
reached. 

It was possible to obtain more information concerning the effect on com- 
position, by determining the approximate green weight of the plant. This 
weight was obtained by washing the fronds through two changes of distilled 
water, and removing the surface water by pressing lightly between filter 
papers. The plants were then placed in the platinum crucibles and these 
weighed inside the closed weighing bottles, as described for the dry weight 
determination. The green weight showed a close parallel to the dry weight. 
The difference between the green and dry weights gives a fairly good ap- 
proximation to the water content, and the volatile matter on ignition is 
easily obtained. When these were graphed on the logarithm of the concen- 
tration of manganese it was seen that the ratio of water, volatile matter and 
ash varied very little up to 1 ppm. of manganese ; on the average there was 
an indication of a slight tendency for the ash to increase and the water to 
decrease. From 1 ppm. up, there was the same irregularity with increasing 
concentration of manganese as shown in the dry weight and ash. 

The lower limit of the toxic concentration of manganese under these 
conditions can be assumed to be somewhere near 1 ppm. Below this concen- 
tration the addition of the element to the inorganic salt solution increased 
both weight and size of plant. It did not, however, have any effect upon the 
rate of reproduction of the Lemna, neither was there any marked alteration 
in the ratio of water in the plant to volatile matter or ash. Above 1 ppm. of 
manganese, reproduction, dry weight, ash weight and composition were all 
irregular and toxicity increased rapidly with higher concentration. 

With regard to the essential nature of manganese we can find no trace of 
that element in the ash of the plants grown in the inorganic medium unless 
manganese is added to the solution. The water, after the third distillation 
(in pyrex glass) is kept in pyrex containers and the plants are grown in 
pyrex flasks. Boron and silicon may be obtained from this glassware by the 
plant, and there is a, chance that some manganese could be obtained in this 
way also, although no trace of manganese could be found by evaporating 20 
liters of the water which had stood in the glass containers for several weeks; 
also the ash of the plants grown in the stock solution gave no signs of its 
presence. 

There is some indication that the plant will adapt itself gradually to a 
concentration of manganese which proves injurious at first; but whether the 
effect of the manganese, or the element itself, can be carried over for several 
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generations after the plant goes back to a lower concentration or a manga- 
nese free solution, is as yet doubtful, although some results point to that 
conclusion. 

Summary 

1. Lenina major has been grown in a medium of inorganic salts with and 
without the addition of manganese. 

2. There is no indication that manganese is an essential element in the 
nutrition of the plant. 

3. The size and weight of the fronds increase up to about 1 ppm. of man- 
ganese, but the ratio of ash, volatile matter and water is little affected. 
There is no increase in the rate of reproduction. 

4. Above 1 ppm. the concentration becomes gradually more toxic, and 
reproduction, size, weight and ash all become very irregular. 

5. Indications point to the probability of the adaptation of the plant to 
manganese. 
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A MICROELECTRODE FOR THE RAPID DETERMINATION OF 
THE HYDRION CONCENTRATION OF EXPRESSED 
JUICES FROM SMALL AMOUNTS OF 
PLANT TISSUE 1 

B. C. Bbunstettes and C. A. Maooon 
(with one figure) 

Introduction 

In 1928, while working with Doctor J. S. Caldwell, of the Office of 
Horticultural Crops and Diseases, Bureau of Plant Industry, U. S. D. A., 
it became necessary to obtain accurate data on the hydrion concentration 
of the outer and inner wall, septa, placentae, and pulp surrounding the 
seeds, of individual tomato fruits at various stages of development. For 
very young fruits (less than 15 days after fertilization) the material avail- 
able was obviously limited and called for some type of microelectrode. 
Since numerous determinations were required, and each determination had 
to be performed quickly to prevent or minimize possible changes in the 
acidity of the expressed juice of the fruit part, a rapid as well as accurate 
technique was essential. 

To meet these needs, the excellent microelectrode devised by Bodine 
and Fink (5) was chosen. Their apparatus consists essentially of a small 
electrode vessel, terminating in a capillary tube, and mounted on a modified 
microscope stand in such a way that the electrode vessel may be lowered 
by the coarse adjustment of the microscope until the capillary tube, filled 
with the liquid to be examined, makes contact with a saturated KC1 solu- 
tion contained in a U-tube connected with a calomel electrode. A platinum 
electrode is mounted at the top of the stand in such a way that it may be 
readily lowered or raised in the gas-tight electrode vessel. A side-arm on* 
the electrode vessel provides for the entrance of hydrogen. 

The amount of liquid required for a determination depends on the de- 
gree of capillarity of the end of the electrode vessel. In the form used by 
Bodine and Fink, only 0.015-0.020 cc. is required : they found it possible 
to make five to six acidity determinations on the blood of a single grass- 
hopper without killing the animal. The samples could be drawn into the 
electrode vessel without significant exposure to air. 

Later Bodine (4) used a form of this electrode in which the capillary 
tube of the vessel was finer, reducing the capacity to 0.01 cc. ; with it he 

1 The authors wish to acknowledge the expert services of Mr. Leonardo Testa, 3543 
S St., N. W., Washington, D. C., who made the microelectrode described in this paper. 
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made determinations of the acidity of the contents of individual fertilized 
or unfertilized ova of the marine fish, Fundulus heteroclitus. 

Description of modified electrode 

Two changes have been made in this microelectrode which increase its 
efficiency, as far as its use with the expressed juices of plant parts is con- 
cerned. For filling the electrode vessel, Bodine and Fink relied on capil- 
larity plus the effect of shutting off the flow of hydrogen, when the tip of 
the capillary met the liquid under investigation. This method is suitable 
when the amount of juice available is less than 0.1 cc. and when the juice 
is free of cellular debris. In expressed plant juices, however, there is 
usually more or less debris present which tends to clog the entrance of 
a fine capillary tube. Since a comparatively large diameter reduces the 
capillarity of the tip, another means of filling the end of the electrode vessel 
is necessary. Consequently, a side tube, equipped with a stopcock and a 
small rubber bulb, was fused on the electrode vessel opposite the hydrogen 
inlet. Compression of the bulb expels some of the hydrogen in the electrode 
vessel so that as the pressure on the bulb is released, liquid is drawn up 
into the capillary tube when its tip is dipped under the liquid being investi- 
gated. By this means the amount of juice drawn up into the vessel can 
be closely regulated. Moreover, washing the electrode vessel between de- 
terminations is very much facilitated. 

In place of the vaseline seal used by Bodine and Fink, a mercury seal 
has been substituted. The sudden changes of pressure involved in filling 
and emptying the tip of the electrode vessel with plant juices, many of 
which are quite viscous, have made this modification necessary. The mer- 
cury seal holds in cases where a gas passage would be forced througli a 
vaseline seal. 

Figure 1 is a line drawing, one-half actual size, of the electrode mounted 
on a microscope stand modified by removing the substage condenser and 
cutting away the central portion of the tube. Electrode A is a mercury- 
filled glass tube in the end of which a straight platinum wire J is fused; 
it is centered by means of de Khotinsky cement in a small brass collar C, 
machined to screw into the milled brass top D which fits tightly into the 
upper end of the sawed-off microscope tube F. A one-hole rubber stopper 
G holds the upper end of electrode vessel Q in place. As the drawing shows, 
the tube A ends in a mercury seal MS. The side-arm 0 for filling the 
electrode vessel is equipped with a stopcock and a small rubber bulb P. The 
opposite side-arm N is the hydrogen inlet with a stopcock handily placed 
for controlling the gas flow. - The central portion of the electrode vessel I 
is continuous with the upper tube Q, which has a small hole R, for the pur- 
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pose of equalizing the pressure inside and out. The lower portion of the 
electrode vessel is held by means of the rubber stopper G' in the lower end 
of the microscope tube H. By means of the coarse adjustment E the open 
capillary tip K can be raised from or lowered into the U-tube L which con- 
tains saturated KC1 solution and connects with the colomel electrode T 
partly shown. The U-tube is held in the stage S of the microscope by means 
of the rubber stopper M. 
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Technique 

The technique employed is as follows : The plant part to be analyzed 
is separated from the surrounding tissue and the juice is then expressed 
through cheesecloth into a small porcelain crucible. This is placed on top 
of one end of the U-tube and the electrode vessel which has been previously 
flushed out with hydrogen is lowered to make contact with the expressed 
juice. At the moment of contact the hydrogen is shut off and some hydro- 
gen is expelled by compressing the bulb P. The pressure on P is’ then 
slowly released; when the rising liquid has reached the desired height, its 
ascent is checked by closing the stopcock on the arm O. This rinsing liquid 
is then expelled by hydrogen when the stopcock on the side-arm N is opened. 
After rerinsing, a sample is drawn up for analysis. The crucible is then 
removed .and the electrode vessel is lowered by means of the coarse adjust- 
ment E to make contact with the saturated KC1 solution. By means of the 
screw C the tip of the electrode is adjusted so that it just makes contact 
with the surface of the liquid. The potential is then read as quickly as 
possible by means of a suitable potentiometer. 1 Equilibrium is obtained 
in less than a half minute. (That equilibria reached so quickly are not 
“pseudo-equilibria” is shown (1) by the fact that a reading taken two or 
three minutes later, with the electrode just touching the surface of the 
liquid, agrees within two millivolts with the initial reading, and (2) by the 
excellent agreement of the initial reading of the microelectrode with a 
check reading by the Bailey electrode. ) The electrode vessel is then lifted 
out of the saturated KC1 solution and its contents are expelled into a small 
crucible by flushing the vessel out with hydrogen. 

"Washing the electrode vessel is performed in the same manner, and two 
rinsings with distilled water and one with the liquid to be analyzed may 
be quickly made. One determination followed by three rinsings requires 
on the average four minutes. 

In working with plant juices it has been thought advisable for the sake 
of safety to replatinize frequently. The technique is quite simple. By 
unscrewing the collar C with the attached electrode A, the electrode may 
be lifted out entirely from the electrode vessel and cleaned by heating in a 
flame. (Biilmann (2) advises against the use of a gas flame, and recom- 
mends the flame of either a benzene blow-torch or alcohol vapor lamp.) It 
is then returned to position and platinic chloride solution is drawn up 
into the electrode vessel, an accessory electrode is inserted into the platinic 
chloride solution in the crucible and replatinization is accomplished in the 
manner recommended by Clark (6) ; a thin coating only is preferable. As 
a check on the nature of the coating, the electrode is tested with' M/20 

1 In the work here described, a Leeds and Northrup Type K potentiometer was used. 
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potassium acid phthalate solution. As Draves and Tartar (7) have shown, 
accurate readings may be obtained on this solution with the hydrogen 
electrode if its coating of platinum black is thin. A thick coating may 
result in upward drift of potential due, presumably, to reduction of the 
potassium acid phthalate. 2 After replatinization the vessel is thoroughly 
washed by rinsing at least four times. The whole process can be performed 
in less than five minutes. 

Replatinization in situ is necessary in order to avoid the danger of 
scraping some platinum black off the electrode as it is inserted into the elec- 
trode vessel. If the end of the electrode vessel is drawn out into a fine 
capillary, the resistance of the platinic chloride solution becomes corre- 
spondingly great, so that a battery of sufficiently high voltage must be 
employed in order to replatinize readily. 

This microelectrode can be used not only as a hydrogen, but as a quin- 
hydrone electrode. The platinum electrode is cleaned by flaming it and 
then returned to position. Some quinhydrone is mixed with the expressed 
plant juice, the mixture is then drawn up into the electrode vessel so that 
the platinum electrode is deeply immersed. After making contact with the 
saturated KC1 solution, the voltage is measured as usual. In this way the 
same piece of apparatus may be used to obtain duplicate readings by two 
different methods. It should be mentioned in passing, however, that the 
quinhydrone electrode is inapplicable to many plant juices, a rapid drift 
of potential occurring so that the pH calculated from a reading taken thirty 
seconds after mixing quinhydrone and juice differs materially from the pH 
obtained by the hydrogen electrode. 

Discussion 

In table I a few illustrations are given of some of the uses made of the 
modified microelectrode in this laboratory. 

The acidities are given not only in terms of pH but also, to facilitate 
comparison and to obtain a mean with its probable error, as acidity units 
per liter, following the method proposed by Wherry (.9, 10, 11). One 
acidity unit is 1 x 10" T gm. hydrogen ion per liter. To convert acidity 
units into hydrion concentration expressed as a normality, it is only neces- 
sary to point off the acidity units seven places to the left of the deci- 
mal place. 

Determinations on the grapes, using the apparatus' as a quinhydrone, 
then as a hydrogen, electrode, checked closely. The first determination on 

2 However, Blackaddek (3) has obtained correct values (pH 3.97) on M/20 potas- 
sium acid phthalate solution using very heavily coated platinum electrodes. It seems 
that a thinly coated electrode invariably gives correct results tested on this standard 
but a heavily coated electrode may or may not do so. 
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TABLE I 

Acidity values, obtained by the modified microelectrode, of some expressed 

PLANT JUICES 




Acidity 

Material 

pH 

Acidity units 1 
per liter 

Crapes (Thompson’s Seedless 


1449 ± 41* 

Mean acidity of series of 25 grapes, full ripe 

3.84 

Acidity of juice from composite sample of 50 grapes (1) 

3.83 

1479 

(2) 

Strawberries 

A. Diameter of berry - 13.0 x 11.0 mm. 

3.85 

1413 

Taken from a sample at a stage following petal fall 

B. Diameter of berry = 15.0 x 14.0 mm. 

Taken from a sample in which the berries were mak- 

3.42 

3802 

ini? a raoid volume increase 

Tomatoes (Marglobe) 

A. Picked 12 days after fertilization. 

Weight = 11.61 g. 

3.03 

9333 

Diameter = 29.6 x 24.8 mm. 



Wall 

5.26 

55 

Septa and placentae 

5.13 

74 

Pulp 

B. Picked 28 days after fertilization. 

Weight = 28.58 g. 

Diameter = 41.3 x 34.4 mm. 

4.79 

162 

Wall 

4.95 

112 

Septa 

4.96 

110 

Placentae 

4.80 

159 

Pulp 

4.63 

235 


1 cH is expressed, as recommended by Wherry (9, 10, 11) as acidity units per liter, 
the unit being 10 -7 gm. per L. 

2 Coefficient of variation: 21.34 per cent. 

the composite sample 6f grapes was made by the former, the second by the 
latter, electrode. The figures on individual grapes were made by the quin- 
hydrone electrode, but in all other analyses, the hydrogen electrode 
was used. 

It is obvious that analyses of the acidities of an adequate number of 
individual fruits, instead of a composite sample of fruits has the advantage 
that not only the mean, but the distribution about the mean is obtained. 
Data of this kind are essential to throw light on the important question as 
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to what extent the acidity of a plant part at a given stage of development 
can be considered as a physiological constant. 

The strawberries were a composite sample of several varieties of the 
everbearing type. This sample was picked and graded roughly into various 
stages of development by G. F. Waldo, of this Office. The data on straw- 
berries and tomatoes, which are amply confirmed by other work not re- 
ported here, illustrate the marked increase in acidity which occurs in the 
early stages of growth of fruits. 

The modified microelectrode has also been of considerable service in this 
laboratory in quickly checking the Bailey (1) and the Hildebrand (8) 
types of electrodes. In this connection, it has been tried with satisfactory 
results on apples, peaches, tomatoes, and the leaves and the petioles of the 
sugar beet, the macro- and the microelectrodes generally agreeing within 
0.05 pH. 

To illustrate the value of the modified microelectrode in routine acidity 
analysis, where rapidity as well as an accuracy greater than that of the 
colorimetric method is desired, it may be mentioned that in one working 
day, 109 determinations of hydrion concentration of the juices of the wall 
and pulp of 51 tomatoes were made by the modified microelectrode, the 
samples being prepared by two assistants. 

Summary 

The microelectrode of Bodine and Fink is modified in two important 
respects to make it more suitable for dealing with plant juices: (1) a 
mercury seal is substituted for a vaseline seal and (2) filling and washing 
of the electrode vessel is secured by fusing a side-tube, equipped with stop- 
cock and rubber bulb, opposite the hydrogen inlet. The electrode can func- 
tion either as a hydrogen or as a quinhydrone electrode. The amount of 
liquid required for measurement depends on the size and shape of the elec- 
trode vessel and may vary from 0.25 to 0.01 cc. Data illustrative of the 
use of the microelectrode in plant physiological research are given. 

U. 8. Department op Agriculture, 

Washington, D. C. 
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METHODS FOR THE QUANTITATIVE EXTRACTION AND 
SEPARATION OF THE PLASTID PIGMENTS 
OF TOBACCO 

Paul D. Peterson 1 
Introduction 

During the past year, in making pigment studies of several types of 
mosaic on tobacco, the writer has used rather extensively the methods of 
Willstatter and Stoll as modified by Schertz (1) for the extraction and 
separation of chlorophyll, carotin, and xanthophyll. The method has 
proved to be effective and sufficiently accurate for comparative studies of 
the mosaic diseases of tobacco. It has been possible, however, to make sev- 
eral short cuts in the method without the sacrifice of accuracy, and to elimi- 
nate, at the same time, the hazard of emulsion formation in the separation 
of carotin and xanthophyll. By making a slight change in the method it 
has been possible also to obtain and measure that portion of the green pig- 
ments which is in an altered condition in the plant tissues at the time of 
extraction. This fraction either has been lost in other methods of extrac- 
tion and separation (1) or has been measured as part of the unaltered 
chlorophyll (3). 

Materials and methods 

The method is standardized on the basis of ten-gram samples of fresh 
leaf tissues, stems and petioles being excluded from the samples. With 
large leaves, such as those of tobacco, it is desirable also to exclude midribs 
and the large lateral veins. The leaves are thoroughly ground with quartz 
sand in a mortar and transferred with acetone to a Buchner funnel for 
subsequent extraction. 

The pre-wash of the finely ground leaf tissues with 30 per cent, acetone 
is omitted. Most of the substances removed from the leaf solids by this 
treatment are insoluble in acetone of low water content and therefore are 
not extracted with the plastid pigments, but remain in the solids. The 
slight quantity present in the ether-acetone solution of the pigments is 
washed out by the first few water washes used to remove the acetone from 
the ether. 

No sodium carbonate should be added to the leaf tissues at the time of 
grinding if it is desired to measure the altered chlorophyll fraction. The 
altered chlorophyll is soluble in dilute alkaline solutions and will be re- 

i Assistant Pathologist in Cereal Virus Disease Investigations, Cereal Crops and 
Diseases, Bureau of Plant Industry, U. 8. Department of Agriculture. 
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moved by the wash water used to wash the acetone from the ether-acetone 
solution of the pigments, if an excess of sodium carbonate is added to the 
leaf tissues at the time of grinding. 

Both the grinding and the extraction of the sample are facilitated by the 
addition of acetone in 10-cc. quantities until a total of 50 cc. has been added. 
The addition of more than 50 cc. of pure acetone prior to the transfer of the 
sample to the Biichner funnel is of no advantage and is wasteful of solvents. 
The use of much less than 50 cc., however, is inadvisable because of the 
diluting effect of the water in the leaf tissues. If too little acetone is used 
a pasty mixture results which if drawn down on the filter with suction is 
difficult to extract. A more serious complication, however, is due to the 
fact that some of the substances in the leaf tissues; which are soluble in 
dilute Acetone, are carried down into the suction flask and are thrown out 
of solution as a fine flocculate when more acetone is added. The presence 
of solids in the ether-acetone solution of the pigments and especially the 
presence of this fine flocculate increases the difficulty of washing out the 
acetone without the loss of some of the plastid pigments. 

Redistilled acetone of low water content (85-95 per cent.) may be used 
instead of pure acetone to extract most of the plastid pigments, but enough 
should be added before transferring to the Buchner funnel to insure a con- 
centration of at least 80 per cent. Pure acetone should always be used in 
the final washes, however, in order to dehydrate the solids before extraction 
with ethyl ether. 

In order to obtain the altered chlorophyll fraction for estimation, the 
ether-acetone solution of the pigments is transferred to a 500-cc. separatory 
funnel and washed several times with pure distilled water to remove the 
acetone. The final washings should be free of flavones. The ether solution 
of the pigments is then washed very thoroughly with 50 cc. of dilute alco- 
holic KOH solution made by adding 10 cc. of methyl alcohol saturated with 
KOH to 1,000 cc. of water. Practically all of the altered fraction will be 
removed by the first wash with dilute KOH solution if the operation is 
properly performed. The layered solutions should be shaken together 
vigorously but for periods of short duration only. Prolonged violent agi- 
tation invariably results in the formation of emulsions. If emulsions form 
allow the solution to stand until both the aqueous and the ether layers have 
cleared. Finally, run the greenish KOH solution of the altered chlorophyll 
through a filter-paper into a 100-cc. volumetric flask. Wash the ether ex- 
tract several times with small quantities of dilute KOH solution. Make the 
combined extracts up to volume with dilute KOH solution and estimate 
colorimetrically. This should be done very soon after extraction as the 
altered chlorophyll is very unstable. Keep the sample in a dark place 
until measured. 
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The altered chlorophyll fraction obtained by the above method from 
tobacco tissues is sufficiently free from other colored substances to permit 
its use in comparative studies. 

Whether or not it is desired to measure the altered chlorophyll it should 
be removed prior to the saponification of the unaltered chlorophyll because 
of its effect in changing the color tone of the chlorophyllin solutions. It 
may be removed either with dilute KOH solution or with one per cent, 
sodium carbonate solution as recommended by Schertz for the removal of 
the last traces of the flavones. 

The amount of KOH necessary to saponify the chlorophyll is conditioned 
to a large extent by the volume of ether in which the pigments are dis- 
solved. The greater the volume of ether the more KOH is needed to effect 
speedy saponification. The use of large quantities of KOH is to be avoided, 
however, because of the increased difficulty of extracting with ether the last 
traces of the yellow pigments from the strongly alkaline solution of chloro- 
phyllin. In order to reduce the amount of KOH needed for saponification, 
ether should be used sparingly in the early stages of extraction. The 
amount used should not exceed 150 cc. Some of this will be lost in the 
process of washing out the acetone. A further reduction in the volume of 
ether may be effected by saponifying the chlorophyll directly in the separa- 
tory funnel instead of transferring it first to a bottle or flask. The above 
expedient eliminates, at the same time, several operations in the process of 
pigment separation. 

After the removal of the chlorophyllin, the ether solution of carotin and 
xanthophyll should be thoroughly dehydrated by passing it through an- 
hydrous sodium sulphate. Failure to dehydrate this solution before 
evaporating off the ether may result in the formation of emulsions when 
petroleum ether is added to redissolve the residue. 

Transfer the residue from the distilling flask to a 500-cc. separatory 
funnel with a minimum quantity of petroleum ether and 75 cc. of 85 per 
cent, methyl alcohol. 

Immerse the separatory funnel containing the petroleum ether-methyl 
alcohol fractions of the yellow pigments in a water bath at 45° C. and drive 
off the petroleum ether by means of a gentle stream of air. The force of 
the air should not be strong enough to ripple the surface of the liquid. 
When all but a thin layer of the petroleum ether has been evaporated off, 
remove the separatory funnel from the water bath and drive off the remain- 
ing petroleum ether while gently rotating the solutions in the funnel. The 
carotin will collect on the sides of the funnel and float on the surface of the 
methyl alcohol in thin flakes. Redissolve the carotin with 5 to 7 cc. of 
petroleum ether and drive off as above while gently rotating the solutions. 
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If the operation is properly performed none of the carotin flakes will be 
carried down into the methyl alcohol solution of the xanthophyll. 

Run the methyl alcohol solution* of xanthophyll through a tight filter 
paper into a 200-cc. volumetric flask. If the alcohol layer is removed slowly, 
the carotin flakes floating on the surface will collect on the walls of the 
funnel. The filter paper will catch the occasional small particle that may 
be carried down. 

Dissolve the carotin in the separatory funnel with 5 cc. of petroleum 
ether. Add 50 cc. of 85 per cent, methyl alcohol by gently flowing it down 
the sides of the funnel. Without using the water bath drive off the pe- 
troleum ether layer with air while gently rotating the solutions in the 
funnel. Run off the methyl alcohol as before, filtering it directly into the 
200-cc; volumetric flask. Repeat the above operation using 5 cc. of petro- 
leum ether and 25 cc. of 85 per cent, methyl alcohol. Frequently the alcohol 
in this extraction remains clear or is only faintly tinted with yellow. In 
this case no further extractions are necessary. If the alcohol from this 
wash is distinctly yellow, however, repeat the last operation. 

The combined methyl alcohol extracts of xanthophyll are made up to 
200-cc. volume with 85 per cent, methyl alcohol for estimation colori- 
metrically. 

The alcoholic solution of xanthophyll obtained by the above method of 
separation is always clear. There is no necessity of transferring the xantho- 
phyll to ethyl ether for estimation. This latter step therefore is omitted. 

The filter-paper used in filtering the xanthophyll solution is dried in 
front of a fan at room temperature without being removed from its funnel. 
The carotin is dissolved from the walls of the separatory funnel with petro- 
leum ether and run through the dried filter into a 100-cc. volumetric flask. 
It is made up to 100-cc. volume with petroleum ether for estimation. 

In the above method of separating the carotin and the xanthophyll the 
danger of emulsion formation is eliminated, *and, as compared to other 
methods, the time necessary for making the separation is greatly reduced. 
The accuracy of the above methods compares favorably ^rith the longer and 
more difficult method of Willstatter and Stoll as modified by Schertz. 
It is important, however, if accuracy is to be achieved by the new method, to 
keep the concentration of the methyl alcohol at or slightly below 85 per 
cent. Higher concentrations may remove some of the carotin with the 
xanthophyll. Concentrations of 90 per <sent. or above dissolve carotin 
rather readily after the complete removal of the petroleum ether. When 
this happens the carotin fractiol^WU be low and the xanthophyll fraction 
correspondingly high. ^ 

In a recent paper by Sprague and Shive (2) the authors suggest the 
substitution bt petroleum ether for diethyl ether as recommended by 
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Schertz as a solvent for the carotinoids. The substitution eliminates the 
necessity of driving off the ethyl ether after the separation of the green 
from the yellow pigments. In the writer’s experiments, however, this short 
cut has always resulted in low and erratic yields of xanthophyll. Part of 
the xanthophyll is carried down with the chlorophyllin. Repeated wash- 
ings with petroleum ether fail to remove the xanthophyll although it can 
be extracted easily by a single wash with ethyl ether. Another objection 
to the use of petroleum ether is the increased difficulty of preventing the 
formation of emulsions thus making every step in the separation with petro- 
leum ether slower than the corresponding step with ethyl ether. 

U. S. Department op Agriculture, 

Washington, D. C. 
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SOME GROWTH CURVES OP BARLEY KERNELS 1 

Mart L. Martini, H. V. Harlan, and Merritt N. Pofe 

(with eight figures) 

Introduction 

In the years 1915 to 1920, Harlan, Anthony, and Pope conducted an 
extensive series of kernel studies, mostly at Aberdeen, Idaho. In these 
studies the daily growth was determined by weighing individual kernels 
from spikes of a definite age. The dry weights were obtained for the ker- 
nels from the same spikes. These results have been published in part only. 2 
In the present paper the writers have made use of both published and un- 
published material. It was thought that a series of fitted curves might pre- 
sent a trend of growth in a light sufficiently different from that of the previ- 
ous treatments to justify its presentation. 

Methods of procedure 

The simplest logarithmic curve, y = a + b (logx), represents the general 
trend of most growth observations. A number of variants of this curve 
were tried in attempting to fit a curve to these data. The one finally used, 
y = a + bx + cx 2 + d (logx), gives an unusually good fit except for the first 
few days. For all varieties, with but one exception, Chevalier, this formula 
depresses the curve below the actual weights in these earlier days. In some 
instances this depression extends below the zero line. 

It should be clearly understood that these curves are not prediction 
curves in any sense of the word. As stated above, these curves are roughly 
the growth curve common to all growing things. However, there are some 
very essential differences. 

Up to the time of seed formation the barley plant is undergoing typical 
growth. Each day the added leaf and root tissue are functional and this 
accounts for the acceleration which is often likened to the acceleration of 

1 Contribution from the Office of Cereal Crops and Diseases, U. 8. Department of 
Agriculture. 

2 Harlan, H. V. Daily development of kernels of Hannchen barley from flowering 

to maturity at Aberdeen, Idaho. Jour. Agr. Bes. 19: 393-430. 1920. 

■, and Anthony, 8. B. Development of barley kernels in normal and 

clipped Bpikes and the limitations of awnless and hooded varieties. Jour. Agr. Bes. 19: 
431-472. 1920. 

, . Effect of time of irrigation on kernel development 

of barley. Jour. Agr. Bes. 21: 29-45. 1921, 

, and Pope, M. N. Water content of barley kernels during growth and 

maturation. Jour. Agr. Bes. 23: 333-360. 1923. 
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compound interest or of catalytic activity. When seed formation starts, 
however, another factor must be considered. The addition of leaf and culm 
tissue diminishes rapidly and ceases entirely after a few days. From this 
time until near maturity the parts of the plant functional in producing 
elaborated food for storage do not increase. The seed theoretically is able 
to store the daily intake. Near maturity the leaves normally commence to 
mature and the functional parts thus undergo a daily reduction. 



Fig. 1. Deficiens, with inset of first six days fitted independently. 

« 

The kernel itself, for a short period, undergoes development of a true 
growth nature. The cells of the endosperm are rapidly increased in num- 
ber and the total rate of function of storage cells accelerated. By the time 
the growth of the culms and leaves is completed the number of storage cells 
has become nearly constant and from then until near maturity there is prob- 
ably little change in the daily capacity of the kernels to store food, although 
some cells are added near the crease. During the main period of deposit 
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the dry matter curve is a nearly straight line. As maturity approaches 
there is less food to store, there are fewer cells of the kernel active, and, as 
far as these curves are concerned, there are individual kernels appearing in 
the averages which have ceased to function. Since the kernels mature one 
at a time, the acceleration in averages is modified considerably. 

Discussion 

The graphs tell the story of rapid or slow deposit as affected by variety 
more clearly than it can be told in words. It is unfortunate that the data 
on the hulled varieties could not be obtained for a longer period. The ad- 
herence of the hull after the kernel starts to dry makes this impossible. 
While the curves are not predicting curves, one can visualize by analogy 
with the naked varieties the probable after-trend in the hulled sorts. In 
the naked varieties there is no obstacle to prevent carrying the weights to 
full field dryness. 

In figure 1 the growth curve of deficiens for 1918 is presented. The ker- 
nels of deficiens grow more rapidly and the final dry weight is greater than 
that of Hannchen which has been used in earlier publications. In this vari- 
ety the formula used causes a very marked inaccuracy of fit in the first six 
days of the growth period. In both the wet and the dry weight the curve 
is depressed below zero and that of the wet weight depressed below that of 
the dry weight, although the kernels at this stage contain nearly 80 per cent, 
of water. This is purely a mathematical result. The curve of wet weight 
is more complicated than that of dry weight, as it contains one additional 
factor, water. If the same formula is used and the results based on the first 
6 days only, this error is corrected. (See insert on figure 1.) 

If the first 6 days are omitted in the wet weight, the fit for the succeed- 
ing period is much better than when the entire data are used. This period 
of deficiens is illustrated in figure 2. This can not but mean that the “S” 
curve of growth is not wholly applicable to the development of barley ker- 
nels. There evidently are more factors to be considered than mere growth. 
The lack of fit in the first 6 days is undoubtedly due to. the fact that the 
kernel weights represent a number of factors. In the early stages when 
each cell of the endosperm and embryo is dividing, kernel growth accelera- 
tion probably is taking place. During this period the cells of the kernel 
probably are not capable of utilizing all of the food manufactured by the 
leaves and gathered by the roots and moreover some parts of the plant are 
still actively growing so that some of this food is being used elsewhere. Be- 
fore the tenth day the food-gathering area and leaf surface have become 
stabilized and the entire output is deposited in the kernels. This results 
in a reasonably uniform daily deposit up to when signs of maturity appear. 
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As maturity approaches parts of the leaves cease to function and some of 
the ftfllln in the kernels cease to be active in the deposition of starch. The 
final s tag es of maturity, as far as these curves are concerned, also are in- 
fluenced by the fact that the kernels mature one at a time. Thus the aver- 
ages on which the daily increment is based include an increasing number 
of kernels which have ceased to function. 



70 9 /OH a !3 /4/S AS/7/3 /920V 2223 **&X272B2>JOS/JtS33f3S 

£MKS FROM FLOU/FR/NO 

Fig. 2. Deflciens wet weight from seventh day to maturity. 


This brings us ba'ck again to the formula. In order to secure a fit it was 
necessary to add another factor, G. What is the significance of C f Since 
it results in a fit of the data from 6 days to maturity, it must take care of 
a factor that is operating throughout this period. One significant and 
major factor in the growth of the kernel is the decrease of the percentage 
of water. This continues from the day of flowering until maturity, acceler- 
ating rapidly towards the end. Since the total water increases until near 
maturity and then falls rapidly, water might be considered first as a posi- 
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tive factor and then as a negative one. On the other hand, if the water 
increased proportionately with the dry matter, the daily growth would be 
much greater, and from this standpoint water acts as an inhibiter of full 
theoretical increment from the beginning. C is always minus in these data. 
It may, at least partially, thus take care of the difference between the 80 
per cent, of water at flowering and the actual content on the successive days. 

It is obvious that similar influences are operating in the curves of wet 



Fig. 3. Hannchen. 


weight in other varieties and that they are susceptible of similar treatment. 
The date upon which the first curve should terminate varies, however, and 
it is thought that the date is more apparent to the reader if the curves are 
not altered. 

Curves have been fitted to the data on 8 varieties. Figure 3 illustrates 
the results obtained from Hannchen in 1917. This variety is presented 
because it has been used in the earlier publications * as a basis of ker- 
nel studies. It will be noted that the curve of the wet weight is still actively 
on the downward trend at the time the kernels had dried to the place where 
sampling was no longer possible. Hannchen is a small-kerneled variety as 
compared with other 2-rowed sorts and, indeed, as compared with the cen- 
tral kernels of the two 6-rowed sorts included in the 8 varieties. 
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In figure 4 the central kernels of Trebi barley were used as a basis. It 
is obvious that in this case the rate of deposit of dry matter had not yet been 
checked when sampling ceased. Indeed, the curve of wet weight had not 
yet turned downward. The large daily increment and the long continued 
activity doubtless are associated with the high yielding capacity of this vari- 
ety. Even at the time sampling had ceased the dry weights were around 
48 milligrams. 
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Fig. 4, Trebi. 


Although there is no water in the dry weight, the formula containing C 
fits better than the same formula without it. The dry weights, however, 
are so nearly a straight line that no curve formula tried is wholly satisfac- 
tory with them. 

Figure 5 represents the growth of Meloy, a hooded 6-rowed variety. 
Here again only the central kernels were used. The daily increase was 
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much less than in the case of Trebi and the curve of wet weight was mark- 
edly on the downward trend at the time sampling was stopped. The hooded 
varieties usually do not yield as well as the awned sorts, but Meloy is among 
the best of the hooded kinds. In most hooded sorts occasional kernels com- 
mence to ripen when most of the spike is still quite active. This, of course, 
would result in a lower average weight at full maturity. 



Fig. 5. Meloy. 


Although naked varieties are not commercially important, they are well 
adapted to kernel studies. In the naked sorts sampling can be continued 
until the kernels are as dry as they will become in the -field. A growth 
curve of Baku, a naked 2-rowed sort, is shown in figure 6. The original 
observations are included in the graph so as to show the relation of the 
fitted curve to the data. With the exception of the first days, the fit is all 
that could be desired. When sampling is continued to complete dryness, 
the wet and dry weights approach each other quite closely. 
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Ah interesting feature of figure 6 is the immense pyramid of water 
which is included in the actively growing kernels. Of course, the area be- 
tween the curve of dry weight and that of wet weight represents water. 
This water, while possibly not truly functional, must be necessary for the 
accomplishment of the dry weight deposits. 



OIKS' /7KM 
Fig. 6. Baku. 

This period is even more striking in the curves of figure 7, which por- 
trays the results obtained with Jet, another 2-rowed naked barley. The 
sharpness of the peak of wet weight in this case is due to two factors. The 
growing period is not so long as with Baku, which naturally results in a 
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more rapid decline after the peak is reached. The ratio of water to dry 
weight at the peak is a little higher in the case of Jet. This is probably due 
to the fact that this variety is possessed of a thickening of the tissue on the 
dorsal surface of the kernel outside the aleurone. This thickening runs 
lengthwise of the kernel directly opposite the crease. Its function is not 
known. 
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Flo. 7. Jet. 


The wet weights of two 2-rowed varieties, White Smyrna and Chevalier, 
are given in figure 8. The dry weights of these varieties are not available. 
White Smyrna produces the largest kernels of any variety in our collection. 
The curve of wet weight is, therefore, steeply inclined and decidedly ele- 
vated at its peak. The full size of the kernel was not yet reached when 
sampling ceased. 
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In Chevalier the usual mathematical depression is not apparent at the 
beginning. The exact reason for this is not clear. Either the first samples 
■were collected at a later stage than in the other varieties or they started 
growing with greater rapidity. It is likely that the kernels were older 



OJKS/yrCM* SZOH/£ff//V<r 
Fig. 8. White Smyrna and Chevalieri 

when the sampling started. Spikes of identical age are most easily ob- 
tained by tagging them as the awns appear above the sheath. It may be 
that the spikes of Chevalier were more advanced than other varieties when 
the awns emerged and the time of flowering not accurately determined. 

The United States Department op Agriculture, 

Washington, D. C. 


A CASE OF SECOND CROP SEEDLESS APPLES 1 

C. B. WiooiNs 
(with three figures) 

During the summer of 1925 a large number of second bloom apples were 
produced in the University of Arkansas Yellow Transparent orchard. 
Upon cutting some of these fruits in cross-section the writer was surprised 
to find them seedless. It seemed at first to be a case of parthenoearpy, but 
upon further study the evidence pointed to embryo abortion ( 4 ). 

Mature apples normally have from a few to ten fully developed seeds. 
Various investigators have found a close correlation between the number of 
normal seeds and the setting and development of various fruits. Sax (7) 
found seed content to be correlated with setting and regularity in shape of 
apples, while M uller-T hurg au (6) found size of grape berries to be closely 
related to seed content. The fact that lop-sided fruits are generally accom- 
panied by the absence of seeds on the less developed side, as pointed out by 


TABLE I 

Effect of second bloom on percentage of aborted ovules in yellow transparent 

APPLES, 1925 


Diameter size 

OF FRUIT 

Number of nor- 
mal ovules 

Total fruits with all ovules 
aborted 

mm . 


no . 

per cent . 

7.5-10.0 

0 

ii 

100 

10.0-12.5 

0 

47 

100 

12.5-15.0 

0 

40 

100 

15.0-20.0 

; 2 

56 

97 

20.0-25.0 

i o 

72 

100 

25.0-30.0 

! 1 

| 36 

97 


Wicks (10) and others, is further evidence of the importance of normal 
seed development in connection with normal growth of the apple fruit. The 
cause of this uneven development of seeds may be due to improper pollina- 
tion, abnormal ovules, unfavorable weather during or following pollination, 
or some other cause. 

Although few of the fruits attained a greater size than 30 mm. in diam- 
eter and were, for the most part, malformed, many remained on the trees 
until frost. When over 250 of these fruits of various sizes were cut open, 
all were found to be without normal seeds except three. The three excep- 
i Research paper no. 182, Journal Series, University of Arkansas. 
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tions had one normal seed each (table I). Vinson (8) reports a second 
crop of blossoms on Smokehouse, Rambo, and other varieties following frost 
destruction to the first crop but did not report on seed development in the 
second crop fruit. 



I I fiver ft of Ovule 

[ 772 ffVAraf* W'i d+k of Ortfl ft 

HI P*4>nc.t€r Fruit 

Q ~ Petals not yet ope* 
b — ope* 

C-i — 'Petal i fallen *y*J fruit Sat 
X - tlorvnml first Crop b-iafur* fruit 



Fig. 1, Graph showing the relative progressive development of the ovules or unde- 
veloped seedB and pericarp in second crop Yellow Transparent apples, and the approxi- 
mate size of the same in* normally developed first crop apples. All are expressed in 
percentage of Bize of specimen before blooming. Note the enlargement of ovules fol- 
lowing blooming (e, f, and g), and the decided slowing up thereafter (h, and i). 

The seedless condition, described above, was not parthenocarpic. This 
was borne out when, upon measuring the ovules and aborted immature or 
rudimentary seeds of the various sized fruits, it was found that there was 
a decided enlargement shortly following the fall of the petals. The appar- 
ently fertilized ovules rapidly increased in size, more rapidly than did the 
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pericarp for considerable time, but gradually ceased growing (table II and 
figure 1). 

The ovules, under the microscope, appeared normal before petal fall, but 
shortly after that stage was reached they appeared shrunken and shriveled. 
Finally in fruits 30 mm. in diameter or larger, the ovules were brown and 



Fig. 2. Sketches of second crop Yellow Transparent at various stages of develop- 
ment. 

A-B-C, immediately following petal fall showing ovules apparently normal. 

D-E-F, a slightly later stage showing the somewhat larger, but already aborting 
embryos. 

G~H, and I-J, successive stages showing the enlarging fruits with young seeds devel- 
oped little, if any, more than in D, E, and F. 

K, exterior appearance of seedless fruits. 

L, the longitudinal and cross-sections of the same fruits as shown in K. Note the 
minute shriveled aborted seeds which have long since ceased to function. 

were found with difficulty (figures 2 and 3). This is taken as proof that 
fertilization had been accomplished, but embryo abortion ( 4 ) occurred caus- 
ing the seedless fruits. 

By defoliating a Yellow Transparent and a Ben Davis tree in early sum- 
mer. 1926, an attempt was made to force them into a second blossoming. 
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TABLE II 

Ovum growth compared with pbuit growth, second crop yellow 
TRANSPARENT, 1925 



Fruit, average 

Ovules 

STAGE OF DEVELOFUKNT 

DIAMETER 

Length 

Width 


mm. 

mm. 

mm. 

Petals not yet open 

2.7 

0.414 

0.252 

Flowers open 

2.7 

0.427 

0.260 

Petals fallen-fruit set 

3.0 

0.483 

0.267 

tt tt a tt 

3.5 

0.791 

0.418 

tt tt tt tt 

4.0 

1.122 

0.633 

it 1 1 it 1 1 

5.0 

j 1.050 

0.668 

it ti it tt 

6.3 

j 1.367 

0.767 

tt tt tt tt 

20.0 

1.435 

0.792 

tt tt tt tt 

22.0 

1.555 

! 0.868 

1 


The Transparent tree responded rather well but not as well as expected. 
Only a few blossoms appeared on the Ben Davis. From this limited trial 
it seems that Transparent trees can be forced from the rest period more 
readily than the Ben Davis. The observations on the limited amount of 
material obtained in 1926 were substantially the same as in 1925. 

In 1929 in spite of the extreme drought and the great loss of foliage due 
to disease early in the season little second bloom was observed in Northwest 
Arkansas and the writer was able to secure only four second crop fruits, and 



Fig. 3. Abnormal second crop Yellow Transparent apples. Only aborted seeds can be 
distinguished where mature seeds should be. 
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these were Coffelts. These fruits were one-half inch or less in diameter and 
were obtained after a severe frost had occurred so that the true condition 
of the young seeds could not be definitely established. Some of them ap- 
peared, however, to be more nearly normal than those described above. 
These ovules might have aborted at a later stage, although having bloomed 
under cooler weather condition, it is possible that they would have devel- 
oped normally. It seems likely that the high temperatures during the sec- 
ond blossoming in 1925 and 1926 contributed largely to the abnormal devel- 
opment described. 

College of Ageicultuee, 

University of Arkansas. 
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THE MASS FACTOR IN THE ENERGY RELATIONS OF LEAVES 

Charles A. Shull 

In a recent paper the writer ( 4 ) emphasized the variability of the reflec- 
tion factor in the energy relations of leaves, and pointed out the fact that 
reflection is frequently large, and not to be neglected in determining the 
absorption coefficient as was done by Brown and Escombe (1, pp. 75 and 
91) in their fundamental studies of the energetics of the leaf. There is 
evident need of a reinvestigation of the problems of energy exchange be- 
tween the leaf and its environment, and the internal transformations of 
energy in the processes of transpiration and photosynthesis, with due regard 
to the variability of the reflection and absorption of energy in all regions 
of the spectrum, from the far infra-red to the limits of the solar ultra-violet. 
Attention is called to an error in the previous paper ( 4 , p. 604) which states 
that the Brown and Escombe studies were made “only on Catalpa big- 
nonioides.” While some of their important measurements were made on 
the hypostomatous leaves of this species, in several sections of their work 
numerous species were used for studies of photosynthesis, thermal emissiv- 
ity, and respiration. 

The equation used by Brown and Escombe to calculate the heating 
effects of the absorbed radiation, on the supposition that there were no dis- 
sipation of energy by internal work, is Ra/ms = t in degrees C. rise per min- 
ute, in which R is the total incident radiation per square cm. per minute, 
a the coefficient of absorption of energy, m the mass of the square centimeter 
of leaf lamina, and s the specific heat of the leaf substance. The values 
substituted for these symbols were as follows: .8 = 0.8 calorie, a = 0.78, 
m = 0.020 gm., and s = 0.879. The values used for m and s were obtained 
from measurements made on the leaves of HeUanthus annuus. The value 
used for a is larger than that 4*ound for H. annuus, which was 0.687 as the 
average of three determinations, instead of 0.78 ; and the value assigned to 
R is also greater than those obtained during the work on HeUanthus, which 
varied from 0.591 to 0.636 calorie per square cm. per minute, but less than 
the highest values observed on very clear days, which were from 0.932 to 
1.019 calories. The authors state, however, that the mean results of obser- 
vations extending over several hours were seldom over .0.550 calorie per 
square centimeter per minute, even on the clearest day. So the values as- 
signed to the quantities in the numerator of the fraction in the equation are 
both relatively high. 

It is obvious that the value of the denominator will vary either with the 
mass of the leaf per square centimeter, or with the specific heat. As most 
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leaves are fairly high in water content, the specific heat is probably much 
less variable than the mass factor. The latter is quite variable, and the 
value ehosen by Brown and Escombe applies to a large group of thin- 
leaved plants, but does not apply very well to coarse textured or succulent 
leaves. In order to have a more general picture of the thermal effects of 
restricted internal dissipation of energy, some measurements of the mass 
factor have been made on a variable group of species which cover the range 
of possibilities pretty well. 

If one uses the values assigned by Brown and Escombe to these various 
factors to calculate the rate of rise of temperature in a leaf in which no 
internal transformations of energy were occurring, the rise in temperature 
is about 35.5° C. per minute ; but in the case of the heavy textured leaves, 
and especially with the succulent leaves, the temperature rise with zero dis- 
sipation of absorbed energy would be much less. In the thinnest leaves it 
is considerably higher than their estimate. 

The data obtained in these measurements are given in the accompanying 
table I, and the thermal effects of energy absorption without energy dis- 
persal are given in the final column of the table. In making these calcula- 
tions, Brown and Escombe ’s values for R, a, and s have been used. 

"With only a few exceptions, the data of the middle column of the table 
are the average weights of 10 discs, each one square centimeter in area, the 
leaves having been cut with the Ganong leaf punch. In the exceptional 
cases the tissues were too thick for the punch, and pieces 1 cm. wide and 10 
cm. long were cut accurately and weighed. In all cases the weights given 
are for 1 square centimeter of leaf tissue. 

The heaviest leaf used was that of the aloe, whose thickest portions in 
the middle of the leaf weighed 69 times as much per square centimeter as 
the lightest leaves used ( Oalinsoga parvi flora). Correspondingly, the rise 
in temperature per minute, on the basis of absorption of energy without 
dispersal, is approximately 0.75° per minute for the Aloe leaf, as compared 
to 51.8° for the leaves of Oalinsoga. 

If the value of R is taken as 0.55 calorie, which seems nearer the actual 
average energy receipt by plant leaves, and if the coefficient of absorption 
is corrected for the reflection, which averages about 10 per cent., the value 
of Ra will be greatly reduced. In addition the value of Ra should be re- 
duced by the amount of energy used in photosynthesis, to obtain the quan- 
tity of energy to be dissipated in transpiration and thermal emissivity. The 
absorption coefficient found for Helianthus was 0.68, including the reflec- 
tion, so that a value of 0.58 might be considered as near to the actual absorp- 
tion. With these two modifications in the values, and subtraction of the 
energy used in synthesis, the energy to be dissipated is found to be only a 
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TABLE I 

The mass factoe and thermal effects of absorbed radiant energy in the absence 

OF ENERGY dispersal 


Species ! 

J 

Mass per cm.* 

Ma/ms 

i 

gm. 

degrees C . 

Galinsoga parviflora 

0.0137 

51.81 

Sagittaria latifolia var 

0.0139 

51.07 

a it it 

0.0193 

36.78 

Ambrosia trifida 

0.0142 

49.99 

Viburnum opuli s americanum i 

0.0146 

48.62 

Ailanthus glandulosa 

0.0152 

46.70 

Ptelea trifoliata 

0.0156 

45.50 

it a ! 

0.0159 

44.65 

Catalpa bignonioides 

0.0163 

43.55 

a a 1 

1 

0.0191 

37.16 

Sambueus canadensis j 

0.0167 i 

42.51 

JJlmus americana ' 

0.0174 

40.80 

tin ! 

0.0214 

33.17 

Panicum sp. ] 

0.0177 

40.11 

Amaranthus retro fie xus ! 

0.0180 1 

39.44 

Cucurbit a sp | 

0.0181 

39.22 

Populus deUoides ! 

0.0197 

36.03 

an 1 

1 

0.0201 

35.32 

nil I 

1 

0.0213 

! 33.33 

Taraxacum taraxacum 

0.02016 

; 35.21 

Bhus cotina 

0.02024 

! 35.07 

Helianthus annum 

0.0212 

33.49 

Clematis paniculata 

0.0223 

31.83 

Vinca variegata 

0.02596 

27.35 

Geranium sp 

0.02604 

27.26 

Ginkgo biloba 

0.0268 ! 

26.49 

an 

0.0278 j 

25.53 

Syringa vulgaris 

0.0317 ; 

22.39 

a a 

0.0333 

21.32 

Impatiens balsamina 

0.0379 j 

18.73 

Dioon spinulosum 

0.0380 

18.68 

Ceratozamia mexicana 

0.0407 ; 

17.44 

X dumbo lutea j 

0.0520 

18.65 

7m germanica 

0.0731 

12.45 

n a 

0.0808 

8.78 

Agave americana 

0.1524 

4.66 

“ “ (mid-rib) i 

0.8300 

0.85 

Crassula arborescens j 

0.3037 

2.34 

Aloe arborescens 1 

1 

0.9465 

0.75 
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little over 50 per cent, of the value used in the calculations of table I. The 
rate of temperature rise for OaUnsoga leaves would be only about 26 s in- 
stead of 51.81° per minute, and for the Aloe leaf about 0.37° instead of 

0. 75. C. 

The energy receipt, if dissipated only by thermal emissivity, would cause 

a rise in the leaf tissue of only 4.4°, ^ ’ a ^ ove temperature 

of the surrounding air, according to the figures of Brown and Wilson (2) 
for air flowing at a little over 5 miles per hour. The fact that much higher 
temperatures have been measured in the leaves of some succulents (3) is 
related to the lower transmission in such thick leaves, and to greater energy 
receipt from the sun in very arid regions. When thermal emissivity and 
transpiration work together in the dispersal of energy, the rise in tempera- 
ture required to dissipate the entire receipt of radiant energy is consider- 
ably less, possibly not over half as much as when thermal emissivity works 
alone. In the work by Brown and Escombe (1, table VIII, pp. 100-103), 
the energy lost by thermal reradiation and convection was in some instances 
5 or 6 times as great as that lost by water evaporation, while in other cases 
transpiration exceeded thermal emissivity as a means of energy dispersal by 
as great proportion. Averaging the results of 13 experiments by Brown 
and Escombe, transpiration is responsible for about 55 per cent, of the 
energy dispersal, thermal emissivity for about 45 per cent. It is fair to 
assume then, that under ordinary outdoor ’conditions, the rate of rise in 
temperature of leaves by direct insolation will be less than half of the 
values shown in the last column of table I, on the average, and the total 
rise relatively small as the transpiration becomes decidedly the predomi- 
nating agent of energy loss. 

The Univeesity or Chicago, 

Chicago, III. 
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JAN INGEN-HOUSZ 
(with one plate and two figures) 

Jan Ingen-Housz (plate II) was primarily a physician, yet during the 
latter part of his life he became interested in the physiology of plants and 
made noteworthy contributions to this subject. His life and works have 
been extensively reviewed by Professor Julius Wiesner in a biography 
which was published at Vienna in 1905 under the title “Jan Ingen-Housz, 
sein Leben und sein Wirken als Naturforscher und Artzt. ’ ’ 

Ingen-Housz was born December 8, 1730, in Breda, the head town of 
the province of Northern Brabant in the Netherlands. His father had 
come to Breda from Geldern, and Jan seems, therefore, not to have de- 
scended from the Ingen-Housz family of North Brabant, famous in mili- 
tary affairs. The ancestry of Jan Ingen-Housz is not known certainly 
beyond his grandfather. 

Not much is known about the parents of Ingen-IIousz, but they had 
sufficient means and social position to give Jan an education far superior 
to that common to his time. His mother died when he was very young. 
He had a brother, Louis, who became an apothecary in Breda and from 
whom tliete descended a line of physicians. 

At sixteen, Ingen-Housz finished the Latin school in Breda, being re- 
markably proficient in Latin and Greek. The principal of the Breda gym- 
nasium. Hoogeveen, prophesied a brilliant career for him. 

He entered the University of Liiwen to study medicine, and also became 
deeply interested in physics and chemistry. After receiving the degree of 
M.D. at the age of twenty-two, he went for further training to Leyden, to 
study under the famous teachers of medicine there, Gaubius and Albinus. 
After about two years there, he visited for a short time the Paris Medical 
School, and later the University of Edinburg. 

In 1757 he came back to his home town of Breda and established a 
medical practice. He soon acquired a reputation for great ability, and his 
practice grew so large that it occupied all of his day time. He was obliged 
to carry on the scientific experiments in which he was jso interested by 
night. He was particularly interested in frictional electricity, and per- 
fected an electrical machine. 

His successful medical practice and researches in physics built up a 
remarkable reputation for him in scientific circles. He kept up a wide- 
spread correspondence with his teachers in the universities which he had 
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attended, bat was slow to publish the results of his experiments although 
his friends urged him to do bo. This deliberation in publication is respon- 
sible for the maturity of his writings. His first publication appeared when 
he was twenty-eight years old. 

. The Netherlands could offer him no position suitable for his abilities, a 
teaching position in the University being closed to him on account of his 
religion. Ample opportunities were offered him in other countries, but 
love of his aging father kept him in Breda as long as his father lived. 

After the death of his father, Ingen-Housz accepted the invitation of 
Sir John Pringle and other English friends to go to London. Pringle, 
then the foremost physician in England, was an old friend of the Ingen- 
Housz family and had always been interested in the talented young physi- 
cian. This interest led to a lifetime intimacy and mutual esteem. 
Pringle's influence opened the highest medical and scientific circles of 
London to Ingen-Housz. He especially profited by association with the 
two Hunters, with Armstrong, and Monro. 

Ingen-Housz also made a visit to Edinburgh, where he made a special 
study of the clinical work of the hospitals. On coming back to London, he 
absorbed himself in the study of the diseases of children, particularly in the 
vaccination of children for smallpox. 

At this time in London, also, he began to publish both medical and scien- 
tific papers. In several of these he advocated vaccination and attacked the 
opponents of it. He kept a small amount of time for the researches in 
physics, which he loved, and for association with famous physicists in 
London. But the major part of his time and attention he now determined 
to devote to the furthering of the cause of vaccination to combat the 
ravages of smallpox. It was his work in this subject that led to his call 
to the court of the Empress of Austria, Maria Theresa, to vaccinate her 
children. 

Ingen-Housz left London the first of April, 1768, made a short visit 
to his home in Breda, and arrived in Vienna on the 14th of May. He was 
received everywhere with honor, for his fame was widespread. In Vienna 
his countryman, Gerhard van Swieten, greeted him and the Empress had 
made his reception quite royal, having prepared for him two houses, one 
near the palace, and one in the country, at Schonbrunn. A coach and 
servants also awaited his pleasure. & 

Ingen-Housz became a person of the greatest fame and popularity in 
Vienna as a result of his successful vaccination of the royal children. He 
was highly rewarded by the Emperor and appointed court physician, with 
a generous salary for the rest of his life. 

In 1769 he journeyed to Florence, at the request of the Empress, to vac- 
cinate the future Kaiser Leopold II. Ingen-Housz undertook this mission 
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with great reluctance. The nervous strain of vaccinating so many promi- 
nent persons was telling upon him, and he wished to escape further honors 
and seek peace. This vaccination also was highly successful, to the great 
delight of the Empress. Ingen-Housz lingered some time in Florence to 
regain his health and to visit with the physicist, Abb£ Fontana. This visit 
influenced his later researches on the gas exchange of plants. 



Fig. 1. Ingen-Housz, from a contemporary pastel. 


The appointment of Ingen-Housz as court physician at Vienna had a 
great influence on his life, for it gave him the means and leisure to carry 
on the researches in science, in which he was so interested. After his return 
from a second Florentine trip until the end of his life he devoted himself 
to research. He desired to travel and visit with other scientists. He vis- 
ited Switzerland in 1770, and the next year saw him in Paris, Holland, and 
England, then back to Vienna. 

In 1775 he married Agatha Jacqttin, the sister of the botanist, Nicolas 
Jacquin, professor of botany and chemistry at the University of Vienna. 
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Three years later found him again in England, where he began his re- 
search in plant physiology and physics and wrote his chief work: “Experi- 
ments upon Vegetables, discovering their great power of purifying the com- 
mon air in the sunshine and of injuring it in the shade and at night.” 

. Before going back to Vienna in 1780, he visited Paris, principally to 
make the acquaintance of Benjamin Franklin, who was interested in a 
subject on which Ingen-Housz later worked — the heat conduction of met- 
als. He also visited Fontana in Paris, being especially interested in the 
eudiometer method, which he found of the greatest use in his work on the 
gas exchange in plants. 



Fig. 2. Bust of Ingen-Housz in the Arcade at the University of Vienna. 

Inoen-Housz remained then eight years uninterruptedly in Vienna. To 
this period belongs his work on carbon dioxide assimilation in plants, in 
which he was assisted by Drs. Molitor, Scherer, Pichel, and his nephew, 
the younger Jacquin. Most of his chemical and physical researches were 
carried on during this period in Vienna. 

Kaiser Josef was very friendly with Ingen-Housz and interested in his 
researches ; he often visited his laboratory and watched him perform experi- 
ments. Ingen-Housz 's knowledge of electricity and magnetism was not 
exceeded by that of the famous members of the French Academy, Bailly, 
Guillotin, Jussieu, Lavoisier, and Leroy. 

In the summer of 1788 Ingen-Housz again went to France. He arrived 
in Paris on the 14th of July, the day of the taking of the Bastille. This 
event upset his plans so that he decided to go to America to visit his friend, 
Franklin. However, news reached him that his only brother had been 




BRIEF PAPERS 


287 


killed in an accident, which again changed his plans, and he started for 
Breda. The journey was very hard for him. He had to travel through 
Belgium, which had just freed itself from Austria. His position at the 
Austrian court made him very unpopular, and a number of unpleasant ex- 
periences marred his journey. He left Breda after a stay of one week and 
went to London. Here he learned of the death of Franklin and gave up 
his American trip. 

Depressed by the deaths of his two friends and exhausted by the trials 
of his journey, his health gave way. He took the advice of his English 
friends and decided to remain in England until political conditions in 
Europe warranted his attempting to journey back to Vienna in safety. 
But, as events turned out, he never again returned to Austria ; for during 
the remaining eleven years of his life, conditions never prevailed in which 
he felt equal to attempting the journey back — much as he longed to go, as 
many letters to his wife and nephew indicate. 

He remained in London, working or visiting his friend, Dimsdale, at 
Herforth, or Lord Lansdowne, the statesman and patron of the arts and 
sciences. At Lord Lansdowne’s estate at Bowood, his health improved and 
again he took up his researches on the nutrition of plants. Lord Lans- 
downe fitted up a laboratory for him. Here he wrote his second work: 
“An Essay on the Food of Plants and the Renovation of Soils.’ ’ Agricul- 
ture of the Counties of Britain 14: 1-20, 1794-1795. 

Ingen-Housz died on September 7, 1799, after being in ill health for 
a considerable time. To the last, he hoped and planned to return to Aus- 
tria, his adopted land. He was buried with great honors, in England, but 
the place of burial is not known with certainty. Fig. 1 is reproduced after 
a pastel made during his life, and fig. 2 shows the bust modeled by 
F. Seifert, which is now in the Arcade at the University of Vienna. — R. B. 
Harvey, and Helen M. Whittier Harvey, University of Minnesota . 




NOTES 

Program Committee. — Active preparations are being made for the 
Cleveland meeting of the American Society of Plant Physiologists, in De- 
cember 1930. The president of the Society, Dr. S. V. Eaton, has appointed 
the program committee, as follows : Prof. J. H. Doublet, of the Ohio Agri- 
cultural Experiment Station and Ohio State University, chairman; Dr. 
John W. Shive, of Rutgers University ; Dr. W. J. Himmel, of the Univer- 
sity of Nebraska ; and Dr. A. R. Davis, of the University of California. The 
secretary-treasurer is ex-officio a member of the committee, also. The geo- 
graphical distribution of this committee corresponds very well to the re- 
gional interests of the Society, and the chairman is located near the meeting 
place, so that arrangements can be given close personal attention. All of 
us can help the committee in its tasks by cooperating in any way that seems 
desirable. When papers are solicited for program purposes, a prompt and 
generous response would be greatly appreciated. Members may be called 
upon for other services, and the program committee should be able to com- 
mand the active support of every member for that meeting. 

Committee on Analytical Methods. — A slight change has occurred in 
the committee on methods of analysis. During the last several years Dr. 
W. E. Tottingham, of the Department of Agricultural Chemistry, the 
University of Wisconsin, has been chairman of this committee. At his re- 
quest he has been relieved of the chairmanship, and Dr. J. J. Willaman, 
head of the Department of Agricultural Chemistry of the New York Agri- 
cultural Experiment Station, has consented to become the leader of this im- 
portant committee. Fortunately Dr. Tottingham remains a member of the 
committee which he has led so ably during the last several years. His ser- 
vice during this period deserves the thanks of all. 

The de Vries and Ingen-Housz Portraits. — The portrait of de Vries 
in the January 1930 number of Plant Physiology, and of Ingen-Housz 
in this number, can be purchased from the editor of Plant Physiology at 
12 cents each. There are now six of these portraits of famous plant physi- 
ologists available, and the complete set can be obtained for office and lab- 
oratory use for 72 cents, postage paid. Postage stamps are accepted for all 
bills, and are preferred to checks from outside of Chicago, since the banks 
charge for collection on outside checks. The science of plant physiology 
has a fascinating and inspiring historical background. Developing stu- 
dents should have an opportunity to know about, and to appreciate the 
great scientists whose work forms the foundations upon which we are build- 
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ing today. Those desiring portraits should not wait until the earlier ones 
have been exhausted. 

Stephen Hales Prize Fund. — The plans for enlargement of the 
Stephen Hales Prize Fund have been placed in the hands of a committee, 
consisting of Dr. R. P. Marsh, of Gettysburg College, and the Secretary- 
Treasurer. A letter has been sent out to the members, inviting cooperation 
in this enterprise. Would it not be a very appropriate thing to double the 
present fund? Every member of the Society has a right to feel proud of 
the fact that this fund has been established in honor of a great experimen- 
talist, and that the fund will continue to stimulate and reward those who 
follow worthily in the footsteps of the forefathers of plant physiology^ If 
each one will share in a small way in the privilege of contributing to the 
fund, the results will be gratifying to everybody. 

The Congresses. — Attention is called again to the Student Third Cabin 
Association which oilers on the Holland-America Line attractive accommo- 
dations to anyone who plans to attend the international congresses which 
oceur in Europe this summer. If you have not decided upon the manner 
in which you expect to reach these meetings, it would be profitable to inves- 
tigate the S. T. C. A. way. An inquiry addressed to Mr. J. S. Robbins, 
passenger office of the Holland-America Line, 21-24 State St., New York, 
will bring full information about their accommodations, sailing dates, rates, 
etc. 

International Address List. — The second bulletin of the American 
Society of Plant Physiologists, published in May 1924, was an international 
address list of plant physiologists. It proved to be a very valuable contri- 
bution. Our members will all be pleased to know that a second edition of 
this bulletin has been planned, to bring up to date this interesting and valu- 
able list. The plant physiologists of the entire civilized world are figura- 
tively “speaking the same language.” There is something in the subject 
which draws us all together in bonds of friendship and fellowship. If the 
address list helps us all to know one another better, by facilitating exchange 
of ideas and helpful criticisms, and by promoting the solidarity of the 
group, it will serve a, very useful function. Further announcements may 
be expected with reference to this bulletin. 

Wild Flower Seeds. — If the seeds of western species of flowers are 
needed for research, it is possible to obtain seeds of many of the native 
species of California from Lester Rowntree and Co., of Carmel, California. 
Their recent list contains the names of several hundred different species, but 
prices are not quoted on many of them. Want lists would undoubtedly 
receive courteous attention. 



NOTES 


291 


Recent Advances in Plant Physiology. — A book reviewing the recent 
advances in plant physiology has been prepared by E. C. Barton- Weight, 
lecturer in King’s College, University of London. While it is impossible 
to summarize all of the literature, the author has done well in his attempt 
to select the material in such a way as to mirror the advancement of the 
subject during the last 15 years. The order of presentation is logical, root 
and soil relations, transpiration and translocation, carbon and nitrogen 
metabolism, respiration, growth and development. The book will be espe- 
cially useful to students who need a brief orientation to the recent progress. 
It is fortunate that some interest is being taken in the need for good works 
in this field. The price of the book is $3.50, and the publishers are P. 
Blakiston and Son, Philadelphia. 

Hydrogen Ion Concentration in Plant Cells and Tissues. — The second 
volume of the Protoplasma Monographien from the press of the Gebriider 
Bomtraeger, of Berlin, is this work on Hydrogen Ion Concentration by Dr. 
James Small, Professor of Botany in Queen’s University of Belfast. There 
are 20 chapters, several appendices, and 25 pages of literature citations. 
The three sections into which the work is divided are the Introduction, pre- 
senting the problems, proteins, enzymes, buffers, sap, protoplast, and wall, 
and variation in reaction ; Methods, including hydrogen electrode, quinhy- 
drone electrode, micro-hydrogen electrodes, comparator indicator methods, 
capillator indicator, special indicator, range indicator, and buffer determi- 
nations; and Results, which gives a general survey of tissue reactions, 
diurnal and seasonal variation studies, and the data from individual plants, 
such as the sunflower, broad bean, potato, succulents, etc. The later chap- 
ters of the Results section take up the protoplast and pH, cell sap and pH, 
cell wall and pH, buffers and buffer indexes in plants. Chapter 20 restates 
the problems. It is a helpful summary in English of the whole field of 
hydrogen ion concentration. The price of the book bound in cloth is 30 
RM. Orders should be sent to the publishers direct, W 35 Schoneberger 
Ufer 12 a, Berlin. 

Laboratory Manual of Plant Physiology. — An attempt to revise the 
Detmer Praktikum having been made without success, Dr. L. Brauner, 
Privatdozent in the University of Jena, has prepared what is really a new 
book under the old title, Das kleine pflanzenphysiologische Praktikum. 
Part I, which is the only part yet received, deals with the chemistry and 
physics of the materials found in the plant body. Three other parts are 
projected, one dealing with the physical chemistry of the plant and its envi- 
ronment, another with the chemistry of metabolism, and a final section with 
structural modifications and movements. Part I contains 125 experiments, 
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covering the inorganic materials, and 13 groups of organic compounds. 
These experiments offer many suggestions for a successful course in the 
chemistry of plant physiology. In brochure form it is obtainable for 5.5 
RM, and bound, for 7 RM. The publisher is Gustav Fischer, Jena, Ger- 
many. Plant physiologists engaged in laboratory teaching or investigation 
■will find it a very useful guide. 
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EFFECTS OF INSOLATION AND SOIL CHARACTERISTICS 
ON TISSUE FLUID REACTION IN WHEAT 

W. F. Loehwing 
(with one figure) 

Introduction 

In an earlier investigation of certain grain plants grown on humus soils, 
foliar chlorosis was frequently observed following use of lime to correct soil 
acidity (31). Tissue fluids of plants from alkalinated humus soils were 
found to be uniformly low in free acidity, and iron chlorosis was observed 
in plants in the low acid ranges. The prevalence and increasing severity 
of chlorosis during continued periods of intense insolation led to the inves- 
tigation described herein to determine the effect of light on the acidity of 
sap, and the mobility of iron, in wheat. A number of investigators (9, 13, 
14, 23, 53) have shown that the acidity of tissue fluids may decrease in light 
but there is as yet no wholly reliable evidence that this diminution in acid- 
ity during ordinary daylight is sufficient to interfere with the solubility and 
translocation of iron. In fact, it appears that under optimal conditions of 
nutrition, light does not always appreciably diminish the acidity of non- 
succulents 24, 46) . The correlation of strong light with chlorosis in plants 
grown on humus soils low in mineral content, however, suggested that under 
such conditions the effects of insolation might be sufficiently accentuated to 
cause injury. 

Methods 

Two sets of Marquis wheat were grown in a greenhouse at 20° C. One 
set of plants was grown on a strongly acid humus, low in. mineral matter, 
and another set on a fertile but acid loam. Approximately half of the soil 
in each set was treated with 2000 parts per million of powdered calcium 
carbonate. When the plants were six weeks old a thin, white muslin screen 
was fastened above half of the plants in both the limed and unlimed series 
in order to reduce the intensity of the illumination. The remaining cul- 
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tures were left exposed to direct light. Though old and young leaves dis- 
played differences in the degree of acidity, the general trend of hydrion 
variations under comparable conditions was consistently the same in 
all parts of the tops. This fact made it feasible to analyze the sap ex- 
pressed from entire tops without risk of obliterating significant differences 
among the tissue fluids of variously treated plants. 

Entire tops of several plants in each set were cut at consecutive four- 
hour intervals. These tops were immediately placed in large stoppered 
vials and frozen at - 30° C. Tissues were cut in a Nixtamal mill and the 
sap was then expressed from thirty gram samples under uniform pressure 
in a chilled steel press. Duplicate potentiometric determinations by means 
of the calomel half cell and quinhydrone electrode method (8) were rapidly 
made at 20° C. on 5-cc. aliquots. Three series of hydrion measurements are 
reported. The first analyses (table I) were started on the morning the mus- 
lin screen was placed over a portion of the six week old cultures. The sec- 
ond series of measurements (table II) was made on the sap of eight week 
old plants following a period of strong insolation during which symptoms 
of iron chlorosis had become conspicuous in the younger leaves of plants on 
the limed humus. Moisture content of the fresh tops of eight week old 
plants varied between eighty-four and eighty-eight per cent, of the fresh 
weight. The final analyses (table III) show the acidity and moisture con- 
tent of ten week old chlorotic plants. 

Though freezing and maceration of tissues to some extent alter the pH 
value of expressed sap this treatment was found to give more uniformity in 
the acidity determinations of aliquots from similar cultures than in sap 
expressed from unfrozen tissues (36). No attempt was made to eliminate 
solids suspended in the sap because of negligible differences between cen- 
trifuged and uncentrifuged aliquots. The difficulty in keeping samples 
chilled while centrifuging and the time consumed in the process caused 
greater pH fluctuations than those due to solids in the highly fluid type of 
saps obtained. 

Determination of acidity in sap expressed by pressure has been criti- 
cized by Rea and Small ( 44 ) because it furnishes no very obvious clues as 
to the processes by which it is brought about. Investigation of expressed 
sap has not, however, proven entirely fruitless because the degree of acidity 
has been found to be measurably correlated with illumination ( 9 , 12 , 14 , 
23 , 46 , 51 , 53 ), the photoperiod ( 13 ), temperature ( 3 , 26 ), age ( 3 , 4 ), sea- 
son ( 1 , 22 ), the axial gradient ( 11 , 28 ), and nutrient conditions ( 6 , 7 , 10 , 
31 , 36 ). Discovery of such correlations is often the initial step in the de- 
termination of their underlying physiological mechanisms. Aided by 
knowledge of hydrion ranges and buffer indices in certain plants, Martin 
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(32, 33, 84), by a study of expressed sap, has very effectively identified 
important components of the plant buffer mechanism. 

Difficulty in differentiating tints seriously limits the utility of intravital 
staining methods (27, 39, 50). These methods involve a definitely circum- 
scribed technique in order to secure the penetration of indicators without 
cell injury (27). Small (50) and his collaborators have shown that the 
cell wall, cytoplasm and vacuole of a cell may differ distinctly in acidity. 
Consequently, objections have arisen to the customary usage of the expres- 
sion “cell acidity” (55). Intravital methods of studying the tissue acid- 
ity of plants have not yet surpassed the simpler methods employing ex- 
pressed sap to determine the causes of changes in reaction. 

Discussion 

All plants used for the initial acidity determinations (table I) during 
the sixth week of the experiment were in the tillering stage and apparently 
healthy in appearance. At the time of the second series of acidity deter- 
minations during the eighth week (table II) the majority of the plants on 
loam soil had ceased tillering and were rapidly elongating. Shaded plants 
of the same age on the humus soil approached the foregoing in size but not 
in erectness, vigor or depth of color. Humus plants receiving full illumi- 
nation lagged behind in stature and maturation. Incipient chlorosis ap- 
peared among the unshaded plants on the limed humus soil during 
the eighth week. Some evidences of chlorosis among the shaded plants on 
this soil developed about ten days later but at no time became as frequent 
or severe as among the fully illuminated plants. 

The data show that young wheat responded quickly to environmental 
changes. Fluctuations in sap acidity definitely reflected changes in soil 
reaction and light conditions. The free acidity of expressed tissue fluids 
of plants harvested at consecutive four-hour intervals disclosed a regular 
diurnal cycle with an early morning maximum and a late afternoon mini- 
mum in all cultures. The daily periodicity in hydrion concentration may 
be graphically depicted as a V-shaped curve whose left limb. represents the 
fall from morning maximum and whose right limb represents the subse- 
quent nocturnal rise. Similar decreases in sap acidity during periods of 
daylight have been reported by Haas (14) and by Trtjog and Meacham 
(53) for corn, by Garner (13) and his collaborators for soy-beans, by 
Clevenger (9) for cowpeas, and by Hurd (23, 25) for wheat. Hurd, how- 
ever, states that normally the daily sap hydrion fluctuations are insignifi- 
cant compared to those induced by maturation processes. 

The above observations suggest the well-known diurnal hydrion perio- 
dicity in succulents due to acid photolysis in light (12, 45, 51, 52). Photo- 
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TABLE I 

Sap hydbion concentration (pH) or bap expressed from six week old 

WHEAT PLANTS 


Houb out 

Type op illu- 
mination 

Humus soil 

Loam soil 

Unlimed 

Limed 

Unlimed 

Limed 

6 A.M. 

Shaded 

5.47 

6.22 

5.67 

6.20 


Pull 

5.47 

6.22 

5.67 

6.20 

10 A.M. 

Shaded 

5.51 

6.28 

5.68 

6.42 


Pull 

5.57 

6.42 

5.68 

6.42 

2 P.M. 

Shaded 

5.55 

6.30 

5.69 

6.44 


Pull 

5.62 

6.51 

5.70 

6.46 

6 P.M. 

Shaded 

5.59 

6.38 

5.70 

6.46 


Pull 

5.69 

6.63 

5.74 

6.51 

10 P. M. 

Shaded 

5.55 

6.40 

5.69 

6.45 


Pull 

5.64 

6.62 

5.71 

6.51 

6 A. M. 

Shaded 

5.49 

6.18 

5.64 

6.17 


Pull 

5.50 

6.18 

5.65 

6.22 


sensitive carboxylic acids have been reported in certain non-succnlents (34* 
60) and they may be rather widely distributed in small amounts. It is 
thus possible that slight reductions in the sap acidity of non-succulents in 
light may also be ascribable to acid photolysis. This daily acid rhythm 
may also be caused in part by the assimilation of some component of the 
buffer system during the. normal metabolism of the plant. No definite in- 
formation is as yet available as to the nature of the variable component of 
the sap responsible for its daily pH fluctuations. Although Sayre (47) 
and Soarth (48, 49) have shown that rather small variations in the sap 
acidity of guard cells are peculiarly important in the regulation of stomatal 
apertures, it is doubtful if the small daily fluctuations in the water content 
of leaves measurably influence acid periodicity of entire tops (29, 30, 47). 
Daily acid periodicity* does not, however, appear to be as wide-spread nor 
as accentuated in non-succulents as in cacti. 

On account of their obvious importance, studies on the photosynthetic 
and tropic effects of light on plants rightly hold a preeminent place in 
physiological research. Much recent work, however, indicates that light 
is directly important to plants in a number of other ways. Investigation 
of these less obvious effects of light would probably clarify many plant 
processes and might incidentally reveal the mechanism of diurnal acid 
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TABLE II 

Sap hydrion concentration (pH) op sap expresses pbom eight week old 

WHEAT PLANTS 


Hour cut 

Humus soil 

Loam soil 

Unlimed 

Limed 

Unlimed 

Limed 

Unshaded 

Shaded 

*Un shaded 

Shaded 

Unshaded 

Unshaded 

6 A.M. 

5.55 

5.47 

6.12 

6.08 

5.84 

6.03 

10 A. M. 

5.59 

5.50 

6.31 

6.18 

5.89 

6.07 

2 P.M. 

5.67 

5.54 

6.42 

6.36 

5.96 

6.11 

6 P.M. 

5.71 

5.58 

6.51 

6.40 

5.99 

6.24 

10 P. M. 

5.85 

5.61 

6.54 

6.40 

5.97 

6.26 

2 A.M. 

5.57 

5.54 

6.38 

6.20 

5.92 

6.12 

6 A.M. 

5.59 

5.49 

6.22 

6.17 

5.89 

6.05 

10 A.M. 

5.65 

5.52 

6.30 

6.19 

5.93 

6.08 

2 P.M. 

5.72 

5.56 

6.51 

6.35 

5.98 

6.16 

6 P.M. 

5.79 

5.56 

6.67 

6.35 

6.03 

6.31 

10 P. M. 

5.72 

5.54 

6.67 

6.28 

6.01 

6.26 

6 A.M. 

5.50 

5.61 

6.25 

6.21 

5.90 

6.10 

10 A. M. 

5.67 

5.55 

6.38 

6.28 

5.96 

6.17 


* Plants of this series showed incipient chlorosis. 


periodicity in non-succulent plants. The investigations of Weismann 
(56, 57), Nemec and Gracanin (37), Hoagland and Davis (21) and 
Wlodek (58) suggest that light more or less directly influences the intake 
of mineral nutrients by plants. Certain catalytic but non-photolytic ef- 
fects of light observed by Priestley (41) and others (5, 43, 54) profoundly 
affect plant development. In addition to the above, there are direct effects 
of light on enzymatic activity (38) and the photocapillary effect described 
by Her«k (15, 16, 17). 

It will be noted (fig. 1) that fluctuations occur from day to day in the 
hour and level of maximal and minimal acidity but the rhythmic rise and 
fall continued until the end of the experiment in all except the most 
chlorotic plants. The variation in the time and degree of the afternoon 
minimal acidity was, however, consistently greater than the variation in 
the morning maxima. The steepness in slope of the acidity curve appears 
to be determined primarily by the hour and level of the afternoon minimum 
acidity. 

The fact that reversals in slope of the diurnal acidity gradient are not 
coincident with the hour of maximal light intensity suggests that the 
thermal factor in insolation may not be as important as its light effect. 
Though no attempt was made to measure foliar temperature, spectral 
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composition, or thermal energy of the light, it is certain that the thermal 
maxima of the plants were reached much earlier in the afternoons than 
the maximum pH of the sap. Hurd-Karrer (26) has shown that sap 
hydrion concentration in wheat rises with the temperature. Thermal and 
light stimuli thus appear to exert opposite effects on the acidity of tissue 
fluids in wheat. The fact that sap pH increased in light despite the prob- 
able concomitant rise in leaf temperature further suggests the predomi- 
nance of the photo-effect. It remains a matter for further investigation, 
however, to determine what portion of the diurnal hydrion variation herein 
reported is ascribable to temperature increments of the tissues and what 
fraction directly to light. 

Though illumination uniformly diminished sap acidity as described 
above, differences in light intensity and soil alkalinity exercised consider- 
able influence upon the level of acidity attained. Limed cultures in the 
shaded and unshaded sets maintained a lower degree of acidity and ex- 
hibited a greater initial decrease in sap hydrion concentration than the 
corresponding untreated plants exposed to full light intensity. In fact, 
the pH values of the sap from the limed cultures exposed to strong insola- 
tion for several consecutive days (LL, fig. 1) suggests that the period of 
darkness is too brief for complete acid recovery. Hence acidity falls 
progressively to lower levels and shows smaller diurnal fluctuations during 
prolonged periods of strong illumination. Microchemical analyses of leaves 
show that the diminished acidity of the sap increasingly interferes with 
iron mobility and finally induces chlorosis such as became apparent in the 
eight week old plants on the limed humus. 

The onset of chlorosis in young leaves was delayed and was less severe 
in plants which were shaded following the use of lime. This fact, together 
with the pH values of these plants, suggests that shading to a considerable 
extent offsets the iron insufficiency created by lime. The acid recovery in 
shaded lime cultures (SL, fig. 1) does not, however, reach the original 
level of acidity found in the sap of plants grown on the untreated humus 
(LU, fig. 1). Microchemical inspection of chlorotic plants disclosed an 
abundance of iron in the roots but little or none in young leaves. 

Considerable interest attaches to the fact that the most vigorous plants 
grew on the loam soil' and the poorest on the. fully illuminated, untreated 
and limed humus. Treated and untreated plants in- this soil, though both 
low in vigor and retarded in development, represent opposite extremes in 
sap acidity. Seeds in the untreated humus germinated rapidly and the 
seedlings to all outward appearances grew normally until the fifth week. 
The rate of stem elongation then diminished and the leaves remained 
narrow though increasing in length. During the eighth week the older 
leaves turned a dull green while their tips became flaccid and turned brown. 
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The leaves then gradually died back toward the stem. The foregoing 
symptoms differed from those displayed by plants on the same soil after 
it had been limed. In the latter instance new leaves became noticeably 
chlorotic during the eighth week, and the severity of this condition in- 
creased with age. Reduced size and delay in maturation marked both 
the limed and untreated plants on the humus soil. Thus the hyperacidity 
of the plant on untreated humus on the one hand and the alkalinity of the 
strongly insolated, limed plants on the other, appeared equally injurious 
to wheat in its formative stages. 





Fio. 1. Diurnal variation of free acidity (pH) in sap expressed from entire tops 
of eight week old wheat plants. LL, unshaded plants on limed soil; 8L, shaded plants 
on unlimed soil; Ll T , unshaded plants on unlimed soil; SU, shaded plants on unlimed 
soil. 


During the tenth week, it was found that mature leaves of fully 
illuminated, chlorotic plants on the limed humus gradually began to lose 
their turgor and turn brown. Many of the oldest leaves wilted and died. 
Acidity tests made on these plants during the incipient stages of browning 
(table III) disclosed that the sap hydrion concentration had risen con- 
siderably above that found in the eight week old plants of the same series. 
Moisture content had also fallen about five per cent. Diurnal acid 
periodicity could no longer be detected and the hydrion level approximated 
that of plants growing on the untreated acid humus. This latent increase 
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TABLE III 

Sap hybrion concentration or fully illuminated, chlorotic plants (ten 

WIRES OLD) ON LIMED HUMUS 


Houb cut 

PH 

6 A.M. 

5.57 

10 A. M. 

5.55 

2 P. M. 

5.59 

6 P. M. 

5.59 

10 P. M. 

5.62 

6A.M, 

5.58 

10 A.M. ! 

5.55 

2 P.M. 

5.55 

6 P. M. 

5.58 


in the acidity of initially low-acid chlorotic plants is probably due to the 
accumulation of acid catabolic products and to the decrease in tissue 
fluids. The entire symptom complex of these plants reflects an incoordina- 
tion of metabolic processes which finally culminated in acid toxicity. Thus 
the extremes of high and low soil acidity both eventually result in sap 
hyperacidity. Though acidity generally increases with rises in tempera- 
ture, it appears that opposite extremes in temperature also culminate in 
acid injury (26) and it is possible that persistent lack of vigor, irrespective 
of its mode of origin, may after a sufficient lapse of time result in high 
sap acidity (23, 25, 26). 

The untreated loam produced more vigorous plants than the untreated, 
low-mineral humus though both soils were strongly acid. In this connec- 
tion reference may be made to the work of Aslander (2) who has shown 
that the concentration of nutrients is apt to be more significant than the 
pH of the soil or culture medium. He has shown that calciphiles may 
develop normally in highly acid media provided the latter contain suffi- 
ciently concentrated nutrients. Acid injury occurred only when highly 
buffered acid cultures were diluted without change in pH. Even in such 
instances plants again developed normally if the hydrion concentration of 
the diluted cultures wps reduced. Aslander concludes that many plants 
are highly acid tolerant if soils are rich in salts. The work of Hoagland 
(19) also indicates that increased availability of nutrients may cause an 
increase in sap alkalinity. In the present instance the higher mineral 
content of the acid loam may in part account for the better growth of 
wheat on this soil. 

It will be noted (table II) that fluctuations in light intensity and soil 
acidity produced smaller changes in sap hydrion concentration of plants 
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grown on the loam soil. The greater mineral content of the loam probably 
results in more highly buffered tissue fluids and these in turn show smaller 
fluctuations in free acidity. Recent work (50) has definitely established 
the importance of mineral nutrients as buffers in plant tissue fluids. 
Plants adequately supplied with inorganic salts may be able by the buffer 
effect of these to maintain a fixed pH level and to protect themselves against 
acid injury. Under certain conditions plants also appear to supplement 
the protective effect of their buffer systems. Hoagland (19, 20) and his 
co-workers have shown that absorption of nitrates by plants is increased 
in acid media. Prianischnikow (40) states that this increased absorption 
of nitrates from acid soils is followed by active excretion of ammonia re- 
sulting in neutralization of acidity about the roots. 

The data of other investigators suggest that the effect of lime on sap 
acidity varies with the species and with the soil. Clevenger (9) reports 
that lime fertilizers applied to the same soil increased the sap hydrion 
concentration in oats and soybeans but not in buckwheat. Haas (14) and 
other workers also report increased acidity in some species and diminished 
acidity in others following liming. Though the direction of the shift in 
pH appears to vary with the type of plant and the soil, Haas and 
Clevenger have shown that lime exerts a profound effect on tissue fluid 
reaction in all instances. Under certain conditions, such as lack of bal- 
ance among nutrients or mineral insufficiency, it seems that the effect of 
lime in altering the free acidity of the sap may outweigh its other functions 
as a nutrient. 

The foregoing data show that both soil reaction and light influence sap 
acidity. When their effects are cumulative the change in metabolism is 
sufficient to cause a gradual alteration in the appearance of the plants. 
Neither the effect of light, nor of mineral nutrients, on sap hydrion con- 
centration can be explained on any simple basis. The manifold importance 
of light as a factor influencing the carbohydrate supply, water content, 
mineral nutrient intake and sap acidity of plants makes it exceedingly dif- 
ficult to interpret its effects. We are especially in need of additional in- 
formation concerning the effects of insolation on mineral nutrition and tissue 
reaction. Considerable evidence stressing the importance of sap acidity 
as a morphogenetic factor in plant growth has already accumulated (3, 13, 
17, 18, 42) but its accurate interpretation awaits further information con- 
cerning the factors controlling the reaction of tissue fluids. 

Summary 

Tissue fluids from entire wheat tops showed diurnal acid periodicity, 
free acidity reaching a minimum in the evening and a maximum in the 
early morning. Sap acidity of wheat plants on acid soils was much greater 
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than that of plants on the same soils after applications of calcium carbonate 
to correct acidity. The general level of free acidity was much lower in 
plants on an untreated, low mineral humus than in those on an acid loam 
higher in mineral matter. Symptoms of acid toxicity appeared in the 
tops of eight week old wheat on the untreated acid humus. Following 
correction of soil acidity with lime, the sap hydrion concentration of plants 
on the humus was reduced more than in those on the loam. The sap acidity 
of strongly insolated plants on limed humus soil fell below the level neces- 
sary for iron mobility, as shown by chlorosis and absence of iron in the 
leaves. "When chlorosis had persisted for two or more weeks, leaves gradu- 
ally lost their turgor and acidity rose rapidly as the moisture content 
diminished. 

Uniybbbity or Iowa, 

Iowa City, Iowa. 
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TITRATION CURVES OP ETIOLATED AND OP GREEN WHEAT 
SEEDLINGS REPRODUCED WITH BUFFER MIXTURES 

Annie May Hurd-Karrer 
(with six figures) 

Introduction 

The titration curve for the expressed juice of etiolated wheat seedlings 
has a pronounced inflection above pH 8.0 (fig. 4), which does not occur 
in the curve for fully green seedlings (fig. 5). An intermediate type of 
curve, linear between pH 8.5 and 11.0, is characteristic of very young 
seedlings just after their emergence from the ground, when, from the stand- 
point of chemical composition, they are partially etiolated (fig. 6). % 

The characteristic inflection in the etiolated-seedling curve seemed due 
to some buffer present in maximum concentration in the absence of 
chlorophyll, and the change in the form of the curve during the period of 
seedling development appeared to be caused by a progressive diminution 
in the amount of this buffer as assimilation processes became established. 

The object of the present investigation was to identify this buffer, and 
to determine whether the titration curves of etiolated and of green wheat 
seedlings could be reproduced by varying its concentration in chemical 
mixtures containing it in combination with other buffer compounds known 
to occur in plant juices. 

Material 

The etiolated seedlings from which juice was obtained for the repre- 
sentative titration curve in fig. 4 were of the variety White Odessa, grown 
in the darkness in pure white sand without nutrients at a temperature of 18° 
C. The plants were eight days old and about 8 cm. high at the time of 
cutting, with the first leaf just emerging from the coleoptile. 

The green seedlings, from which the juice was obtained for the repre- 
sentative titration curve in fig. 5, were of the same variety, grown in soil 
under normal greenhouse conditions, at approximately the same tempera- 
ture. The plants were cut eight days after their emergence from the soil. 
They were 8-10 cm. tall, with one fully expanded leaf. 

The characteristic inflection in the etiolated-seedling curve was the same 
for seedlings grown in soil, pure sand, and on saturated blotting paper 
without nutrients. The curve for fully green seedlings never showed this 
inflection whether the plants were germinated in soil or in pure sand with- 
out nutrients. 

The form of the green-seedling curve varies with age, — from the type 
suggesting partial etiolation, characteristic of emergent seedlings, to that 
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obtained a week or two later when the products of assimilation reach an 
equilibrium concentration and the form of the Curve becomes that char- 
acteristic of the plant for the remainder of the growth period ( 26 ). The 
curve in fig. 5 was chosen as representative of this final stage, although 
some variation, apparently due largely to the decreasing water content of 
the plants, occurs in later stages ( 26 ) . 

Age was not a factor in the shape of the etiolated-seedling curve, which 
remained essentially unchanged throughout the limited period in which 
the plants could grow in darkness. However, seedlings younger than five 
days were not investigated in this connection. 

While varietal differences and environmental factors such as tempera- 
ture and water supply were found to affect the steepness of the titration 
curve, they did not change essentially the characteristic form associated 
with etiolation, nor that associated with normal assimilation, as long as 
growth was normally vigorous. If, however, the plants were not healthy, 
their condition was reflected in the titration curve. In the case of etiolated 
seedlings having weak, scraggly growth and poorly developed root systems, 
the characteristic inflection above pH 8.0 was less pronounced. In the 
case of green plants, lack of vigor was associated with greatly increased 
buffer capacity. 

The titration values for the juice of plants of the same variety, in the 
same stage of development, grown under the same environmental condi- 
tions, cut at the same time, and handled identically, were remarkably con- 
stant. Each of the 45 E. M. F. measurements constituting a complete 
titration have frequently been reproduced with duplicate samples of juice 
to within a few hundredths of a pH unit. This reproducibility was par- 
ticularly marked in the case of etiolated seedlings, for which growth con- 
ditions were more constant than they were for plants grown in light. 

Methods 

To obtain the juice samples, the plants, exclusive of the roots, were 
ground in a food chopper, and the juice expressed from the pulp by 
squeezing it through cheesecloth. Ten-cc. samples were titrated electro- 
metrically at a temperature of 25° C. with twentieth normal acid and 
alkali. The method and equipment are described in an earlier paper (23). 

The characteristic slopes and inflections of the plotted titration curves 
suggested the buffers to be used in the mixtures with which the curves were 
imitated. To determine their proper concentration, different dilutions of 
stock solutions of these buffers were titrated, and the concentration of 
each buffer in the final mixture made equal to its concentration in that 
solution whose titration curve most nearly coincided with the correspond- 
ing section of the juice eurve, t.e., the section over which the solute was 
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apparently the principal buffer. Adjustment of the initial reaction of 
each mixture to that of the juice, approximately pH 6.00, was brought 
about by the addition of a small amount of N/l NaOH. Vertical displace- 
ment of the entire curve could be corrected by varying the amount of water 
in the mixture. 

Results 

The characteristic inflection of the titration curve for the etiolated- 
seedling juice (fig. 4) suggested the presence of an amino acid or a related 
compound. The location of the point of inflection near pH 8.9 indicated 
that the compound was probably asparagin, which has a dissociation ex- 
ponent near this point (pk a = 8.87 (7) ) . Asparagin has been reported to be 
more abundant in etiolated seedlings than in corresponding seedlings grown 
in light, owing to its utilization in protein synthesis in assimilating plants 
(37). Wa^niewski (50) has shown this relation in the case of wheat 
seedlings. 

To determine whether asparagin was present in the juice of the etio- 
lated wheat seedlings of the present investigation, several samples were 
evaporated to a thin syrup (after the heat-coagulable material had been 
removed by filtration) and allowed to stand for some time in a refrigerator, 
together with similarly prepared samples of green-seedling juice. Many 
asparagin crystals separated out in the etiolated-seedling preparations, 
whereas only potassium nitrate crystals appeared in the green-juice sam- 
ples. 1 Their identity was confirmed by Mr. G. L. Keenan, Microanalyst 
of the Food, Drug and Insecticide Administration, by means of the optical 
immersion method. It was concluded that the distinguishing inflection 
of the etiolated-seedling curve above pH 8.0 (fig. 4) was due to the aspara- 
gin in the juice. 

The most important buffer from the standpoint of the physiology of 
the plant would be one which reacts with acid and alkali at and near the 
hydrogen-ion concentration of the tissues. The pH values obtained (23, 
24, 27) for the juice of healthy wheat plants in the, vegetative stage lie 
within the buffer range of the inorganic phosphates (5, 11). Le Clebc 
(31) and others have found phosphates to be abundant in wheat seedlings. 
They have been reported to be important constituents of the buffer systems 
of a number of plant tissues (1, 12, 28, 33, 34, 35). So it seemed probable 
that they are of similar importance in wheat. 

Accordingly mixtures of asparagin and potassium phosphate were ti- 
trated in the first attempts to reproduce the titration curve of the etiolated- 

i The absence of asparagin crystals in the green-seedling juice can not be taken to 
mean that asparagin was entirely absent, since crystallisation of the relatively Bmall 
amount undoubtedly there, might have been inhibited by interfering substances which 
were not present in the etiolated-seedling juice. 
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seedling juice. In order to minimize final adjustments of the reaction of 
the mixtures, a stock solution of potassium phosphate was made to have 
a pH value near that of the juice by adding seven parts of a tenth normal 
solution of the monobasic phosphate to one part of a similar solution of 
the dibasic phosphate. It was found after a number of preliminary ex- 
periments that the titration values for 10 cc. of a mixture consisting of 
three parts of this phosphate solution, 13 parts of a tenth normal solution 
of asparagin, three parts of water, and one drop (0.033 cc.) of N/l NaOH 
to adjust the reaction, were very similar to the titration values of the juice 
between pH 6.0 and pH 9.5. The mixture was lacking in buffer capacity 
beyond these limits, however. 

Leuthardt’s data (32, p. 35) showing that glucose and sucrose react 
with alkali above pH 9.0 suggested that the addition of sugar to the mix- 
ture might give it the buffer capacity of the juice over the extreme alkaline 
range. After a number of preliminary trials with different concentrations, 
it was found that a 5 per cent, solution of glucose (1 gram to each 18 cc. 
of the phosphate-asparagin mixture) was required for the degree of buffer 
action characterizing the juice above pH 9.5. This concentration is three 
times that of the total sugar actually found in the juice. 2 So the sugar in 
the mixture must be regarded as representative of all the soluble carbo- 
hydrates of the juice and possibly of other constituents which react with 
alkali above pH 9.5. 

The alkali-titration curve of the etiolated-seedling juice was now repro- 
duced with phosphate, asparagin, and glucose (fig. 1, d). The buffering 
contributed by the potassium phosphate and by the asparagin is shown in 
fig. 1 (a and b) by titrations of solutions containing them in the same con- 
centration in which they occurred in the mixture. Their combined buffer 
capacity is shown also with (fig. 1, d) and without (fig. 1, c) that of glucose. 
The buffering due to glucose, beginning near pH 9.5, annulled to just the 
right degree the increase in steepness of the curve above pH 10.0 due to 
the disappearance of buffering by asparagin. 

The mixture still ‘lacked much of the buffer capacity of the juice over 
the range of the acid titration (fig. 3). Organic acids in the presence of 
their salts have been shown to be effective buffers in plant tissues over acid 
reaction ranges (20, 28, 32, 35). The identity of these constituents in the 
wheat plant has not been determined. So in order, to determine whether 
any of the most commonly occurring acids would make possible the dupli- 

2 In some analyses made by Dr. Allan D. Dickson in this laboratory, 10 cc. of 
juice from etiolated seedlings were found to contain 0.18 gm. total sugar. The same 
quantity of juice from green seedlings contained 0.14 gm. The two analyses are not 
comparable, however, because the temperatures in the greenhouse when the green seed- 
lings were grown were too high for normal growth. 
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Fig. 1. Graph illustrating the synthosis of the alkali-titration curve of etiolated- 
seedling juice. The curves of 0.010 M potassium phosphate (a) and of 0.060 M aspara- 
gin (b), alone and in combination with each other (e), and with 5 per cent, glucose 
(d) show the contribution of each buffer to the form of the juice curve. The concen- 
tration of the solute in each case was approximately equal to its concentration in the 
whole mixture. 

cation of the acid-titration curve of wheat juice, solutions containing malic, 
oxalic, citric, tartaric, and succinic acids were titrated for comparison of 
their curves with that of the juice. At pH 6.0, the approximate reaction 
of wheat juice, the organic acids are largely, or, in the case of some of 
them, entirely in the form of salts. So in order that their titrations should 
be comparable with those of wheat juice, the solutions of the different acids 
(M/10) were each brought to pH 6.0 by the addition of alkali, adjusted to 
equal volumes with distilled water, and then titrated similarly with acid. 
The addition of the necessary alkali and the subsequent volume adjustment 
with water reduced the original strength of each solution to 0.0645 M. 
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Fig. 2. Graph showing characteristic inflections and buffer zones of plant acids. 
M/10 solutions of each were first brought to pH 6.0, a reaction typical of wheat juice, 
by the addition of alkali, then titrated with acid and with alkali, respectively. A titra- 
tion curve for juice of leaves of 18-weeks-old wheat plants is included for comparison. 
The concentration of each organic acid-salt mixture was 0.0645 M, excepting a 1 : 1 dilu- 
tion (B) of the succinic-acid solution (A), included to show the inflection below pH 4.0. 

The titration curves of these solutions were all different, each having 
characteristic inflections or characteristic zones of buffer action (fig. 2). 
The malate solution was the only one whose buffer zone was similar to that 
of wheat juice below pH 6.0. The curves for the oxalate and succinate 8 

8 A 1: 1 dilution (B) of the original succinate (A) is included in fig. 2 in order 
to show the inflection below pH 4.0. The corresponding dilutions of the malate, citrate, 
and tartrate solutions i&fee not included because, owing to the distribution of their dis- 
sociation constants, thiBrJ slopes are practically linear over the entire buffer zone under 
consideration. 
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Fig. 3. Graph showing the buffering of the phosphate-asparagin-glucose mixture 
of fig. 1 against acid, and the cffoct of adding sodium malate. The concentration of 
malate in the solution A, imitating etiolated-seedling juice, was 0.013 M; that in the 
solution B, imitating green-seedling juice, was 0.045 M. 

solutions had infections below pH 3.5 and 4.0, respectively, which were 
never present in the curve for the juice of wheat plants of any age or 
condition. The citrate solution had too much buffer capacity between pH 
5.0 and 6.0 as compared to that below pH 5.0, and the tartrate solution 
had too little. 

Figure 2 shows that although the curve for malates closely resembled 
that of wheat juice, a combination of citrate and tartrate, in the ratio of 
two parts of the citrate to three parts of the tartrate solution, gave a curve 
even more similar to that of the juice. A combination of malate, citrate, 
and tartrate could be made that would give similar values. Sodium malate 
alone, however, was chosen for inclusion in the buffer mixture. 

A relatively concentrated solution was made by adding enough N/l 
NaOH (19.75 cc.) to 10 cc. M/1 malic acid in the electrode vessel to bring 
the reaction to approximately that of the juice (near pH 6.0). By sub- 
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Fig. 4. Titration curve of juice of etiolated wheat seedlings, and of the buffer mixture 
A containing potassium phosphate, asparagin, sodium malate, and glucose. 

stituting 1.5 cc. of this approximately M/3 solution for a corresponding 
amount of water in each 38 cc. of the phosphate-asparagin-glucose mixture, 
with which the alkali-titration curve of the etiolated seedlings had been 
reproduced, the mixture was given the desired buffering below pH 6.0 
without changing appreciably its alkali-titration values. 

In fig. 3 is shown the effect of this addition of malate on the acid titra- 
tion values of the phosphate-asparagin-glucose mixture whose alkali-titra- 
tion curve is given in fig. 1 (d). Asparagin has very little buffering power 
against acid, but the combined buffering of the asparagin and the phosphate 
in the mixture was enough to compensate for the slight deficiency in that 
of the malate alone between pH 5.5 and 6.0 and below pH 3.5. 

The titration curve of the etiolated-seedling juice was now duplicated 
over its entire range with a mixture of phosphate, asparagin, glucose, and 
sodium malate (fig. 4). The exact composition of the mixture (A) is 
given in table I on p. 317. 

The slight vertical displacement of the synthetic curve as compared to 
the juice curve — upward over the range of the acid titration and down- 
ward over that of the alkali titration, — is due to a difference in dilution. 
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Fig. 5. Titration curve of juice of green wheat seedlings, and of the buffer mixture B 

containing potassium phosphate, asparagin, leucin, sodium malate, and glucose. 

The constituent buffers were all slightly more concentrated in the mixture 
than they were in this particular sample of juice. The difference was of 
no greater magnitude, however, than occurs naturally between curves for 
different samples of juice, so the slight discrepancy was not corrected. In 
accordance with this difference, all subsequent mixtures were made to have 
a uniformly higher buffer capacity than the corresponding juices. 

The titration curve for green seedlings differs from that of etiolated 
seedlings in not having the inflection above pH 8.0 arid in having con- 
siderably increased buffer capacity over the acid range below pH 6.0 (fig. 
5). These differences suggested that in order to reproduce it, the quantity 
of asparagin used in duplicating the etiolated-seedling curve should be 
decreased, and that of the sodium malate increased. 

It was found that the acid-titration values of the green-seedling juice 
could be reproduced simply by increasing the concentration of sodium 
malate in the buffer mixture (fig. 3). The concentration of malate in the 
etiolated-seedling mixture, A, was but 0.013 M, as compared to 0.045 M 
in the green-seedling mixture, B. So the greater buffering of the juice of 
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Fig. 6. Titration curve of juice of emergent wheat seedlings and of the buffer mixture 

C con taining potassium phosphate, asparagin, leucin, sodium malate and glucose. 

green seedlings against acid as compared "with that of etiolated seedlings is 
apparently due largely to a higher concentration of organic-acid salts. 

The difference between the alkali-titration curves seemed due in large 
measure to a lower concentration of asparagin in the green seedlings as 
compared to that in plants grown in darkness. However, the green- 
seedling curve could not be exactly reproduced simply by reducing the 
asparagin in the mixture, because the asparagin inflection persisted after 
this substance had been reduced to the minimum requisite for the buffer 
capacity of the juice between pH 7.5 and 9.5. The problem was then to 
add some substance to the mixture which would annul the tendency of the 
curve to increase in steepness above pH 9.5, over the region where the 
alkali-combining power of asparagin decreases rapidly. Doubling the 
amount of sugar accomplished this satisfactorily, but there was already 
more sugar in the mixture than was found in the juice. So leucin, which 
reacts with alkali at highly alkaline reactions (pk, = 9.75 according to 
Bjerbum (7) ), was used instead. The desired effect was obtained by add- 
ing M/10 leucin to the mixture in an amount equal to about half that of the 
minimum amount of M/10 asparagin required for the buffer capacity of 
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TABLE I 

Composition or buffer mixtures having titration values similar to those or the 
juice or ETIOLATED wheat SEEDLINGS (A), FULLY GREEN seedlings (B), 

AND GREEN SEEDLINGS JUST AFTER EMERGENCE FROM THE GROUND (G) 


Buffer 

Approxi- 

mate 

BUFFER 

RANGE 

pH 

Composition of buffer mixture 

wm 

B 

1 ( Green 9 9 

C 

“Emergent” 

M/3 Sodium malate 

2.0- 6.0 

1.50 cc. 

4.75 cc. 

3.80 ec. 

M/10 Phosphate 

5.5- 8.0 

6.0 cc. 

6,0 cc. 

6.0 cc. 

M/10 Asparagin 

7.5-10.0 

26.0 cc. 

9.0 cc. 

15.0 cc. 

M/10 Leucin 

8.0-11.0 

— 

4.0 cc. 

8.0 cc. 

Glucose 

above 9.5 

2 gm. 

2.2 gm. 

2.2 gm. 

Water 

— 

2.5 cc. 

9.0 cc. 

— 

N/l NaOH 

— 

0.033 cc. 

0.033 cc. 

0.066 cc. 


the juice between pH 7.5 and 8.5 — over which region neither potassium 
phosphate nor leucin had much buffer capacity. 

The best reproduction of the green-seedling curve obtained is shown in 
fig. 5, and the exact composition of the buffer mixture (B) is given in 
table I. The imitation is not perfect, but it is as close an approximation 
as could be expected with so simple a mixture, lacking as it does a number 
of the constituents of the wheat plant which react with alkali and acid, 
such as cholin, betain, and such amino acids as histidin and arginin (13, 43, 
51). However, these compounds may not be present in the juice in suf- 
ficient amounts to affect appreciably the form of the titration curve. 

Table I gives also the composition of a mixture (C) with which the 
curve typical of normal seedlings just emerging from the ground was re- 
produced (fig. 6). This mixture contained less asparagin and more sodium 
malate than did the etiolated-seedling mixture, A, but more asparagin and 
less sodium malate than did the green-seedling mixture, B. As previously 
noted (26), the curve for emergent seedlings evidently represents a stage 
of development when the concentration of the principal buffers is inter- 
mediate between that of etiolated and of fully green seedlings. 

The titration values of the three buffer mixtures, A, B, and C, are 
given in table II, together with the values for the corresponding juice 
titrations. The mixtures show in each case slightly higher buffering over 
both the acid and alkaline ranges than do the corresponding juice samples. 
Since the difference is about the same over both ranges, — the synthetic 
alkali curves falling below and the synthetic acid curves above the juice 
curves, — the titration values could be brought in still closer agreement by 
diluting the mixtures with a little water. However, as stated previously, 
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there seemed no object in exactly superimposing the curves inasmuch as 
different samples of juice differ even more widely in this respect. 


TABLE II 

TITRATION VALUES or BUTTES MIXTURES A, B, AMD C IM COMPARISON WITH CORRESPONDING 
VALUES TOE ETIOLATED, GREEN, AND EMERGENT WHEAT SEEDLINGS 


CC. ALKALI AND 
ACID ADDED TO 
10 CO. 

Etiolated 

seedling 

JUICE 

Buitee 

MIXTURE 

A 

Green 

SEEDLING 

JUICE 

Buffer 

MIXTURE 

B 

Emergent 

seedling 

JUICE 

Buffer 

mixture 

C 

N/20NaOH 

pH 

pH 

pH 

pH 

pH 

pH 

0 

6.03 

5.99 

6.00 

5.98 

6.09 

6.06 

1 

6.65 

6.59 

6.53 

6.44 

6.55 

6.51 

2 

7.20 

7.04 

7.03 

6.85 

7.06 

6.97 

3 

7.68 

7.48 

7.52 

7.35 

7.58 

7.45 

4 

7.99 

7.84 

8.00 

7.96 

7.97 

7.89 

5 

8.23 

8.10 

8.40 

8.37 

8.23 

8.20 

6 

8.42 

8.29 

8.77 

8.68 

8.44 

8.41 

7 

8.58 

8.45 

9.08 

8.94 

8.63 

8.59 

8 

8.72 

8.59 

9.35 

9.20 

8.79 

8.76 

9 

8.87 

8.72 

9.62 

9.44 

8.96 

8.92 

10 

9.01 

8.86 

9.86 

9.69 

9.13 

9.07 

a 

9.15 

8.99 

10.08 

9.94 

9.29 

9.21 

12 

9.30 

9.12 

10.27 

10.16 

9.46 

9.36 

13 

9.46 

9.27 

10.45 

10.35 

9.61 

9.51 

14 

9.64 

9.43 

10.59 

10.51 

9.78 

9.68 

. 15 

9.84 

9.62 

10.72 

10.64 

9.95 

9.83 

16 

10.07 

9.85 

10.82 

10.74 

10.11 

9.99 

17 

10.29 

10.11 

10.91 

10.83 

10.27 

10.16 

18 

10.50 

10.32 

10.98 

10.90 

10.42 

10.32 

19 

10.69 

10.51 

11.04 

10.97 

10.56 

10.47 

20 

10.83 

10.66 

11.09 

11.03 

10.68 

10.59 

21 

10.94 

10.78 

11.15 

11.08 

10.80 

10.69 

22 

11.02 

10.88 

11.20 

11.13 

10.90 

10.79 

23 

11.10 

10.96 

11.25 

11.17 

10.98 

10.86 

24 

11.16 

11.03 

11.31 

11.21 

11.06 

10.94 

N/20 HCL 







0 „ 

5.97 

5.99 

6.00 

5.98 

6.10 

6.06 

1 

5.23 

5.23 

5.63 

5.58 

5.60 

5.58 

2 

4.50 

4.69 

5.31 

5.27 

5.26 

5.22 

3 

3.97 

4.22 

5.05 

5.05 

4.98 

4.97 

4 

3.59 

3.78 

4.84 

4.87 

4.73 

4.77 

5 

3.28 

3.45 

4.66 

4.71 

4.52 

4.58 

6 

3.06 

3.20 

4.49 

4.57 

4.32 

4.39 

7 

2.88 

3.00 

4.31 

4.41 

4.14 

4.21 

8 

2.75 

2.84 

4.17 

4.26 

3.96 

4.03 

9 

2.62 

2.72 

4.04 

4.11 

3.79 

3.86 

10 

2*52 

2.59 

3.86 

3.96 

3.63 

3.68 

11 

2.44 


3.72 . 

3.82 

3.47 

3.54 

12 

2.35 

2.44 

3.57 

3.67 

3.32 

3.39 

13 

2.28 


3.43 

3.53 

3.18 

3.26 

14 

2.21 

2.29 

3.29 

3.40 

3.05 

3.13 

15 

2.16 


3.17 


2.93 

3.02 

16 

2.10 

2.17 

3.04 

3.15 

2.81 

2.92 

17 

2.06 


2.92 


2.72 


18 .... 

2.02 

2.08 

2.81 

2.93 

2.62 

2.72 

19 

1.97 


2.70 


2.53 


20 

1.94 

2.(0 

2.62 

2.73 

2.45 

2.57 
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The molar concentrations of each constituent in the three mixtures are 
given in table III. If the assumption be made that these constituents rep- 
resent the only buffers having any appreciable effect on the titration values 
over their respective buffer zones, their concentrations in the mixtures are 
approximately equal to their actual concentrations in the different juices. 

TABLE III 

The molar concentrations or the principal buffers in the mixtures used to 

REPRODUCE THE TITRATION CURVES OF WHEAT-SEEDLING JUICES 


Buffer 

Condition of seedlings 


i 

Etiolated j 

Partially etiolated 
(emerging from soil) 

Fully 

green 

Asparagin 

Organic -acid salt represented by 

0.069 ! 

0.043 

0.026 

sodium malate 

j 0.013 

0.036 

0.045* 

Phosphate 

j 0.016 

! 0.017 

i 

0.017 b 


“Fig. 3 shows that the concentration of sodium malate required to reproduce the 
slope of the curve of old wheat plants over the organic-acid buffer range was still 
greater, i.e., over 0.065 M. 

b Martin (35) reports molar concentrations of phosphate of this order of magni- 
tude in bean juice. 

It may be concluded that the green-seedling juice contained about one- 
third as much asparagin as did that of etiolated seedlings and about three 
times as much of an organic-acid salt. These differences are consistent 
with the effects of etiolation on chemical composition as discussed in a fol- 
lowing section. 

Boiling and subsequently filtering either the etiolated- or the green- 
seedling juice had no appreciable effect on the distinguishing character- 
istics of the titration curve. So heat-coagulable proteins play little or no 
part in the buffer system of wheat, as is true of most other plants, appar- 
ently (28, 33, 35, 53). However, an exception appears in the case of po- 
tato juice, in which Cohn, Gross, and Johnson (12) found that tuberin 
has considerable buffer capacity over the range “acid to pH 4.5 and alkaline 
to pH 8.5. ” 4 

* In a preceding paper by the present writer (26) this statement was referred to 
as indicating buffer action between these limits, i.e over the range of the acid and 
alkali titrations from the pH value of the juice (6.8) to pH 4.5 and 8.5, respec- 
tively. From data given in another paper by Dr. Cohn (10) it seems that while 
tuberin has some acid- and alkali-combining power over this range, its greatest re- 
activity is beyond these limits. Ingold (28) has concluded * ‘ that tuberin, or at any 
rate that part coagulated by heat, has very little effect in buffering the sap.” There- 
fore, a further statement by Dr. Cohn concerning this matter may be of interest. He 
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The significance of titration values in plant juice studies 

In a non-acid juice the organic acids are largely in the form of salts 
which do not react with alkali. Figure 2 shows that there can be very 
little titratable acid at reactions above pH 5.5 in the case of oxalic and 
tartaric acids, above pH 6.0 in the case of malie, above pH 6.5 in suc- 
- cinic, and above pH 7.0 in citric acid. Wtllaman ( 52 ) has stated that 
titration data on plant juices have little significance since “the acids occur 
as salts to a considerable degree and the titration gives no idea of the 
absolute quantity of acids present.” Only when the initial reaction of a 
juice is well within the range of reactivity of the organic acids and their 
acid salts with alkali, as in the case of such plants as Begonia (40), the 
acid succulents (20), and many fruits, does the usual titration with alkali 
to pH 7.0 or 8.3 include any appreciable amount of the organic-acid com- 
pounds present. Hempel (20) and Leuthakdt (32) have shown the quan- 
titative relation between the initial reaction of a plant juice and the amount 
of free acid which is present, the percentage at any given reaction depend- 
ing on the nature of the constituent acids. Haynes and Brown (19) 
apply this relation in estimating the salt content of apples from the titra- 
tion and pH values of their juice. 

Titration of a non-acid juice may often be an accurate measure of the 
phosphates, whose major zone of reactivity is between pH 5.5 and 8.0. 
Martin (33, 34) has shown a quantitative agreement between the concen- 
tration of phosphate in the tissues of the sunflower and the buffer values 
of the juice between pH 5.2 and 8.0. Teakle’s data (48) also show a 
relation between the degree of buffering of wheat juice over the phosphate 
range and the actual phosphate content of the juice. 

If pH 8.3 be taken as the end-point, titration includes also a trace of 
such compounds as asparagin. In order, therefore, to determine quan- 
titatively the concentration of any constituent in the juice by titration, con- 
sideration must be given to the pH limits of its zone of reactivity and to 
those of other substances whose reaction ranges might overlap this zone. 
Otherwise, the so-called “total acidity” measurement becomes merely a 
measure of total buffer capacity between specified pH limits, as is generally 

says in a private communication : “There is, of course, combination of tuberin with 
acid and base over the physiological range, but in die case of this protein, as of most 
others, the largest number of reactive groups appear to have dissociation constants 
in the neighborhood of pH 3.3 and pH 9.7. . , . The titration curve suggests that tuberin 
is no exception to the general rule. Roughly, to pass from pH 4.S to 8.5 required four 
parts of alkali, 1 ' whereas to go from pH 8.5 to 10.5 required eight parts, and from 
pH 2<5 to 4.5 something over ten parts. In the case of the potato juice as a whole 
buttering is, of course, in part due to this protein, and in part to the phosphates and 
other weak adds that may be. present.” 
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recognized. It is not surprising that these determinations have heen so 
frequently found to bear no consistent relation to the corresponding hy- 
drogen-ion concentrations in plant juices (16, 26). 

Hehpel (20) has called attention to the fact that when aluminum salts 
of the organic acids are present, such as the aluminum malate in succulents, 
titration with alkali between pH 6.8 and 9.2 is complicated by the precipi- 
tation of the insoluble aluminum hydroxide. She thus explained the 
greater amount of alkali required to titrate the juice to pH 9.2 as compared 
to that required to bring it to pH 6.8. She has concluded that the presence 
of unknown substances “renders titration of plant juices to the phenol- 
phthalein end-point uncertain or valueless.” 

Comparison of the points of inflection and characteristic buffer zones of 
the plotted titration curve of a plant juice with those of known buffer 
compounds may afford a means of identifying these constituents in the 
plant. The possibility of utilizing the characteristics of the curves of the 
common plant acids to identify them in mixtures is suggested by the 
work of Auerbach and Smolczyk (4) and Taufel and Wagner (47). 
Leuthardt (32) has shown that the characteristics of the titration curves 
of apples, grapes, lemons, and tomatoes are in agreement with the nature 
of the constituent acids as determined by chemical analysis. He concludes, 
however, that when a buffer mixture contains more than one acid, it is 
generally impossible to identify the acids from the titration curve alone. 

Tague (46) showed the value of the titration method in the identifica- 
tion and quantitative estimation of amino acids. Subsequently Harris 
(18), Hirsch (21), and Taufel and Wagner (47) studied the titration 
curves of protein degradation products and pointed out their value in 
analyzing these compounds in mixtures. Leuthardt (32) attributed the 
point of inflection at pH 10.4 in the curve for Mesemlryanthemum juice 
to the amide, glutamin, the presence of which he proved by chemical analy- 
sis. Similarly, asparagin has been identified in the juice of the etiolated 
wheat seedlings of the present investigation. 

Several investigators have called attention to similarities between the 
form of some region of the titration curve of a plant juice and that of a 
known solution containing substances occurring in the juice. Thus Hoag- 
land and Davis (22) pointed out the resemblance of the titration curve of 
Nitella sap between pH 5.2 and 8.0 to the corresponding region of a curve 
obtained with a mixture of the inorganic salts, including phosphates, that 
were found to occur in the sap. Youden and Denny (63) noted that the 
titration curve of apple juice was like that of a mixture containing its acid 
constituent, malic acid, and sodium malate. They also compared the curve 
for a mixture of organic acids with the curve for potato juice. 
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, Titration values are now finding another use in quantitative estimations 
of buffer constituents of plant juices through comparisons of so-called 
buffer-index values. The slope of the tangent to the titration curve is a 
measure of the buffering power of the juice at any given point on the 
curve, and varies with the concentration of the substance being titrated. 

. The buffer index constitutes a measure of the slope of the line connecting 
the two points on the titration curve which limit the region under consid- 
eration, or, the dope of the tangent at the intermediate point. The original 
unit, suggested by Koppel and Spiro (29), is the amount of alkali or acid 
required to produce a unit change in the pH value of a solution, corrected 
for the amount required to produce the same change in the solvent alone. 
Van Slyke’s unit (40) differs in not incorporating the correction for dilu- 
tion, but, as this investigator points out, between pH 3 and 11 the correc- 
tion is very small and the units are essentially the same. Ingold (28) has 
shown the effectiveness of the Van Slyke buffer index as a means of 
determining the percentage of buffering in potato juice due to phosphates, 
citrates, and ether-soluble substances, respectively, over each unit pH range 
between pH 4.0 and 7.0. 

For a further discussion of the significance of the titration curve and 
buffer-index concepts from the standpoint of quantitative analysis of plant 
juices, reference should be made to Leutiiardt’s paper (32). 

Discussion 

The question as to whether the principal buffers of the wheat plant have 
been identified and the buffer system approximately reproduced in proper 
concentration must remain problematical until complete analyses of the 
juice are available. However, it does not seem probable that the close 
agreement between the titration values of the buffer mixtures and those of 
the different juice samples is entirely fortuitous. It is of interest in this 
connection to compare the composition of these mixtures with what is 
known of the occurrence of their constituents in etiolated and in green 
wheat plants. 

Asparagin . — Asparagin has frequently been reported to occur in wheat 
(9, 13, 14, 41a, 43, 44, 50). It is known to occur in greater amount in 
etiolated than in the.green seedlings of many plants (37) including wheat 
(50) and other cereals (2, 8, 41, 45). So the fact that more asparagin was 
required to reproduce the curve for etiolated wheat seedlings than was used 
to reproduce that of green seedlings is consistent with the results of quan- 
titative analyses. The curve for emergent seedlings, which, being partially 
etiolated, should contain an intermediate concentration of asparagin, was 
accurately reproduced on the basis of this assumption. The gradual de- 
crease in the buffer capacity of the juice over much of the alkaline range 
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during the period of seedling development may therefore be assumed to 
reflect the utilization of asparagin in protein synthesis. 

Organic acids . — The organic acids of the wheat plant have not been 
determined. On the basis of the form of the acid-titration curve of the 
juice, certain predictions may be made as to the organic-acid salts most 
likely to be present. Of the five commonest ones, — oxalates, succinates, 
tartrates, citrates, and malates, — the first two are at once eliminated by 
pronounced inflections below pH 4.0 (fig. 2). There is no trace of such an 
inflection in the curve for wheat juice. The titration curve of sodium 
malate is so similar to that of the juice over the acid range that it sug- 
gests that salts of this acid are the most abundant. However, fig. 2 shows 
that a similar curve is obtained with a combination of citrates and tartrates. 
It is apparent that a combination of malates, citrates, and tartrates would 
give practically the same curve. As Leuthardt (32, p. 30) has pointed 
out, it is probably impossible to identify with certainty the constituents 
in such a mixture by titration. However, it is obvious that salts of such 
acids as oxalic and succinic, having characteristically inflected curves, are 
not present in wheat in sufficient amounts to affect its titration values. 

There is but little information available on the quantitative effects of 
etiolation on the acidity of any plant. Most investigators (3, 17, 30, 38, 
42) who have worked on this problem have used titration methods which 
are uncertain for the present purpose, owing to the fact that phosphates 
and perhaps other buffers were included in the titrations. Bassalik (6), 
however, has determined by quantitative analysis that etiolated plants of 
Rumex, Oxalis and Begonia contain less oxalic acid than do corresponding 
plants grown in the light. This finding is consistent with the fact that 
about three times as much sodium malate was required for the reproduc- 
tion of the green-seedling curve of wheat as was used in duplicating the 
etiolated -seedling curve. 

No data have been published, apparently, on changes in organic-acid 
content with seedling development. The progressive increase in the acid- 
combining power of the juice over the organic-acid buffe/ range during 
this period was reproduced by increasing the amount of sodium malate in 
the buffer mixture, suggesting the occurrence of a corresponding increase 
in such a buffer in the tissues as the young seedlings develop from the 
partially etiolated condition which characterizes them at emergence. Thus 
all the evidence of the titration curves is in agreement with Bassalik's (6) 
report and with Astruc's (3) general conclusion that the formation of or- 
ganic acids is greater in green tissues than in those without chlorophyll. 

Phosphates . — Andr£ (2) reported that etiolation decreases the phos- 
phate content of corn and lupin, but Rissmann (39) found a somewhat 
higher concentration (as P 2 0*) in etiolated wheat seedlings than in the 
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corresponding tissues of the green plants. Rissm Ann’s results do not at 
first seem consistent with the fact that etiolated wheat seedlings have 
slightly less buffer capacity over the phosphate range than do green ones. 
However, etiolated plants have a higher water content than do plants grown 
in light (lb, 38, etc.). The fact that Rissmann’s data* are based on dry 
weights of Ihe tissues probably explains their failure to agree with the 
fact that the concentration of the phosphate in the juice of etiolated seed- 
lings seems from the titration data to be a little lower than in the juice of 
green seedlings. 6 

Phosphates are evidently the most important buffers in wheat inas- 
much as they regulate the hydrogen-ion concentration at the reaction of 
the jdiee. The pH value during the vegetative period of plants grown in 
soil under normal, greenhouse conditions has been found to be near 6.0 
( 23 , 34 , 27 ). This same value is characteristic of etiolated seedlings also 
( 25 )* The ordinary reaction limits for wheat have been found to be pH 
5.5 bid 6.3, although occasional measurements as low as 5.3 and as high as 
6.4 have been obtained. The most acid juices (below 5.7) were obtained 
only in late maturation stages, or in vegetative stages when the plants were 
unhealthy. It is not improbable that the functioning of the phosphate 
equilibrium in the maintenance of the proper acidity is analogous to that 
oi the carbonate equilibrium of the blood. 

Summary 

1. Both the alkali- and acid-titration curves of the juice of etiolated 
and of green wheat seedlings have been approximately reproduced with 
chemical mixtures containing asparagin, phosphates, sodium malate, glu- 
cose, and, in the case of green seedlings, leucin. 

2. Asparagin appears to be the substance in the juice of the etiolated 
seedlings which is responsible for the characteristic point of inflection of 
the titration curve near pH 8.9. 

3. Phosphates seem to be the principal buffers between pH 6.0 and 7.5. 
The equilibrium between the primary and secondary phosphates may be 
intimately associated with the maintenance of the normal reaction of the 
tissues. 

4. Over the rang4 of the acid-titration of the juice, below pH 6.0, 
the buffering seems largely due to the presence of an organic-acid con- 
i' The average water content of the tissues and specific gravity measurements of the 

juiee of week-old wheat seedlings grown under the conditions of the present investiga- 
tion were as follows: 
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Green seedlings 
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stituent. A solution of sodium malate alone, or a combination of tartrate 
and citrate, with or without malate, gives acid-titration values similar to 
those of the juice. . The zone of decreasing buffer capacity below pH 3.5 
and pH 4.0, respectively, in the oxalate and succinate curves, giving rise to 
characteristic inflections which do not occur in the titration curves of wheat 
juice, is believed to preclude the presence of these salts in wheat juice in 
sufficient amount to affect the titration values. 

5. Glucose supplied the requisite buffer capacity of the etiolated-seed- 
ling juice above pH 9.5. In the case of green seedlings, both leucin and 
glucose were used in reproducing the titration curve over this region be- 
cause the requisite amount of glucose alone was so much greater than that 
found in the juice. The glucose was considered to be representative of all 
the soluble carbohydrates of the juice which react with alkali above pH9.5. 

6. The most pronounced changes in the buffer system of the wheat 
plant during the period of seedling development seem, from the evidence 
presented in this paper, to be due to a reduction in asparagin content and 
an increase in an organic-acid constituent as assimilation processes become 
established in the young plant. 

Bureau of Plant Industry, 

U. S. Department of Agriculture, 

Washington, D. C. 
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THE PHYSIOLOGY OF CONVOLVULUS ARVENSIS (MORNING- 
GLORY OR BINDWEED) IN RELATION TO ITS CON- 
TROL BY CHEMICAL SPRAYS 

A. 8. Crafts and P. B. Kennedy 
(with five figures) 

I. Introduction 

(a). The reaction of plants to chemical sprays, and the effectiveness of 
these sprays, depend upon penetration and subsequent distribution of the 
chemical throughout the living tissues. This paper reports some experi- 
ments relative to the factors which control these processes in the wild morn- 
ing-glory ( Convolvulus arvensis). 

Early writers (3, 5) on morning-glory control prescribe clean cultiva- 
tion, pasturing, and the use of smother crops. That these methods were 
unsuccessful in the hands of practical farmers was recognized in California 
in 1915 ; and in the fall of that year George P. Gray (8) started a series of 
experiments on the use of chemical sprays. A number of plant poisons 
were used but the application of sodium arsenite solution to the leaves of 
mature plants was the only treatment which he found successful. Recom- 
mendations were made (7) for the use of this spray in the coastal fog belt 
of California, but it was not extensively used by farmers. The materials 
were dangerous to handle and the treatment allowed the maturing of a crop 
of seed before the application of the spray, making eradication practically 
impossible. 

Gray proved that the perennial roots of the morning-glory could be 
killed by the application of arsenic to the leaves. He realized the impor- 
tance of this fact and emphasized the need for further study of the problem 
as the mechanism responsible for the distribution of the arsenic within the 
plant was not understood at that time. 

Few of the workers after Gray have followed his suggestion. Publica- 
tions from the United States Department of Agriculture ( 17 ), California 
( 2 ), Utah ( 16 ), and Colorado ( 14 ), adhere to the older recommendations. 
The Colorado workers ( 14 ) found no evidence for translocation of arsenic 
in their experiments with K.M.G. 1 Better results were, obtained with this 
product in Washington ( 15 ) but it was not completely satisfactory. 

The present study was started in 1925 for the purpose of determining 
the mechanism responsible for the translocation of arsenic within the 
morning-glory plant. Continued attempts to control this weed by cultiva- 

i K.M.G. is a solution of AsCl g having an acid reaction and is recommended for the 
control of morning-glory by the Weed Control Company of California, Berkeley, 
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tion methods had failed and chemicals seemed to offer the most promise. 
The senior author took up this work in 1926 under the late Dr. P. B. Ken- 
nedy and published with him in 1927 (12) a short paper, suggesting a pos- 
sible mechanism and enumerating the principal factors which tend to limit 
its action. Johnson has since suggested a somewhat different mechanism 
based upon an idea of Gray’s (8, p. 95). The evidence presented in the 
present paper should aid in clarifying the problem with respect to the trans- 
location of arsenic when it is applied to the leaves of mature plants. 

(b). The killing of plants by toxic sprays depends upon two factors, 
namely, penetration and distribution. Movement of the spray solution 
from the leaf surface into the vascular strands is hindered by the cuticle 
and by the living cells of the mesophyll. This hindrance is most effectively 
overcoine by the incorporation in the spray solution of acids or bases which 
hasten diffusion through the cuticle, and rapidly kill the underlying cells. 
Insect injuries often aid materially in allowing entry through the cuticle. 
Distribution, on the other hand, is effected through the natural conducting 
systems of the plant and is dependent upon the internal conditions at the 
time of spraying. The experimental work on this problem has led to the 
conclusion that water movement in the morning-glory takes place in ac- 
cordance with the scheme proposed by Dixon (6). When the plant is 
actively transpiring, pressure within the xylem is reduced; the vessels, 
being elastic, are partially compressed, resulting in a decreased capacity, 
and a water deficit is set up in all of the living cells of the plant. If a 
solution under atmospheric pressure is released into the xylem in this con- 
dition, the sudden expansion of the vessels will cause a very rapid uptake 
until the vessels have attained their normal capacity. Following this a 
slower osmotic absorption by the living cells will continue until all deficit 
is satisfied. Therefore, when an extremely toxic spray is applied to the 
leaves and stems of a morning-glory plant and the cortical tissues rapidly 
killed, the sap which they contain, mixed with more or less of the toxic spray 
solution, will pass into the xylem vessels and be forced down toward the 
roots. The extent of movement will depend upon how completely the origi- 
nal xylem sap is removed and replaced by the descending current of solu- 
tion. Instances havfe been observed where eosin was carried to within 20 
centimeters of the growing points of roots during an exposure of one hour. 
In such extreme cases as these there may even have been some loss of water 
from the roots into the surrounding soil. 

It is difficult to picture the downward movement of arsenic through the 
phloem, with the organic nutrients from the leaves, as suggested by Gray 
(8) and Johnson (11), since this tissue is composed wholly of living cells 
in an active state. Such an active poison would rapidly kill these cells and 



GRAFTS AND KENNEDY: MORNING-GLORY CONTROL 


331 


render the system functionless for conduction. For the same reason the 
latex system which may be auxiliary to the phloem in the conduction of 
organic nutrients (10) cannot be considered as effective in the transfer of 
arsenic. 

The persistent vegetative activity of the morning-glory plant is made 
possible by the storage of relatively large quantities of starch in the root 
system. The rapidity with which these reserves may be depleted and re- 
plenished indicates the presence of a very efficient conducting mechanism. 
The structure of the latex vessels (13) indicates that at least in the storage 
process they may aid materially in conduction. The vessels extend from 
the leaves into the primary root tips and latex will exude from them 
wherever they are punctured. It may be forced from the vessels in short 
lengths of stem by means of air pressure and flows from the severed 
branches into water in relatively large quantities, especially if they are 
well illuminated. Pressure in the latex vessels seems lowest in dormant 
roots and highest in young actively growing tissues. 

Any treatment which reduces the photosynthetic activities of the plant 
tends also to reduce starch reserves, but in order to be effective in control, 
the depletion must be complete. Elimination of top growth for one season 
has not always been successful, and similar treatment for three years did 
not eradicate an old stand in California. 

Two kinds of chemical sprays have proved effective in morning-glory 
control, namely, arsenicals and the alkali chlorates. Only the former will 
be considered in this paper. The results obtained with chlorates will be left 
for consideration in a later publication. 

II. The toxic action of arsenical sprays 
A. Penetration 

1. The reaction of the spray solution . — In order that the above pictured 
mechanism may function effectively in the distribution of arsenic through- 
out the plant, the spray solution must perform two functions. First, it 
must penetrate the cuticle and rapidly kill the cortical tissues, allowing the 
arsenic to enter the vascular strands ; and second, it must supply arsenic in 
such a concentration that, even after considerable dilution, a lethal dose is 
delivered to all living tissues of the root. Acid ( 1 , 4 ) and alkali are among 
the cheapest and most effective materials for killing plant tissues. The 
results of a comparative test of several common agents are given in figures 
1, 2, 3, and 4. In figs. 1 and 2 injury is plotted against exposure time, 
in figs 3 and 4 injury is plotted against time, the exposure time being noted 
on the curves. These records are of visual injury occurring to young 
morning-glory shoots allowed to hang in the solutions for the given “ex- 
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Pig. 1. Injury by reagents, 2N strength, with exposure time. 



Pig. 2. Injury by reagents, IN strength, with exposure time. 



Pig. 3. Injury with alkali and arsenious oxide, with time. 
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posure time ’ 7 and then removed, washed in tap water and set up in flasks 
of tap water to allow the injury to develop. The cut ends were protected 
from the solutions by paraffin coatings and kept above them during the 
exposure. Under these conditions NaOH proved the most toxic, HC1 and 
HNO a were about the same, and H 2 S0 4 was less toxic. The addition of 
M 

— As 2 0 3 did not affect the initial toxicity of these agents and in neutral 


solution it acted very slowly upon the tissues. The acid solutions caused 
a light brown discoloration and the basic solutions a darkening of the 
green color. 

To determine the pH range in which acids and bases are effective, 
morning-glory shoots were set up in flasks and allowed to absorb through 


M M 

their cut ends arsenic solutions in concentrations of — , — 

JU oU 


M 

320’ 


M 

1280’ 


and 


rion 1 ea<J h concentration including solutions having pH values of 1, 3, 5, 

7, 9, and 11. The solutions were buffered with phosphate and the pH 
values adjusted daily. The results indicated that solutions lying between 
pH 3 and pH 9 do not cause immediate injury due to their pH value. In- 
jury due to arsenic was evident after 20 hours and in the three higher con- 
centrations it was complete within 48 hours. It was necessary for the 
shoots in the two weaker arsenic concentrations to accumulate arsenic in 
the leaves before injury became apparent. A similar test using K.M.G., 
AsC 1 3 , Na 2 HAs0 8 , and Ab 2 O s in comparable concentrations showed that 
the same conclusions applied to these chemicals. The progress of acid 
injury in the stems standing in the pH 1 solutions was slow compared with 
the rise of arsenic or eosin solutions. This indicates that the plant buffers 
are able to neutralize hydrogen-ion while the arsenic continues to rise in 
the stems. 
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Plants growing in the greenhouse in soil tubes were sprayed with solu- 

M 

tions of IN HC1, IN NaOH, “ Ab 2 0 3 in neutral solution and with IN HOI 

M 

and NaOH solutions containing jr- As 2 O a . The acid and alkaline solutions 

a\) 

rapidly killed those tissues with which they came in contact, the neutral 
solution of As 2 0 8 slowly killed the tissues to which it was applied, but the 
solutions containing acid or alkali plus arsenic killed the root tissues to 
some depth below the place of application. As 2 0 8 has a maximum concern- 
M 

tration of about in neutral saturated solution. The fact that this is 

approximately the optimum concentration for arsenic in a spray solution 
indicates that more arsenic would be of no avail after the plant buffers had 
neutralized the acid or alkali of the spray. 

Comparison of NaOH, HC1, and H 2 S0 4 in arsenic solutions applied in 
field trials at Davis has shown that the acid solutions are the most effective. 
When the concentration of alkali becomes great enough to cause rapid 
killing, its softening action upon the plant tissues causes them to collapse 
and the absorption of the arsenic is hindered. 

B. Distribution 

1. Water relations of the plant as affecting the movement of arsenic . — 
In studying the movement of arsenic through xylem tissues it was neces- 
sary to ascertain whether or not adsorption phenomena or other chemical 
reactions with the surrounding walls or cells would interfere with its 
passage through the narrow channels. Many basic dyes are adsorbed to 
lignified walls, certain inorganic acids react with buffers in the tissues, and 
oxidizing agents may be reduced in their passage through xylem vessels. 
A set of preliminary tests using acid, basic and neutral solutions of arsenic 
in conjunction with eosin and other dyes showed that arsenic either in an 
anion or as a cation moved readily through morning-glory stems and roots 
without being rapidly withdrawn from the solution. In table I the time 
required for arsenic injury to become visible after reaching the tissues is 
shown. In this experiment morning-glory shoots were set up in arsenic 
solutions of the concentration given in the first column of table I. Com- 
parable sets in eosin solution were used to indicate the rate of ascent of the 
transpiration current. The chief interest in this data lies in the close 
correlation between transpiration and the occurrence of arsenic injury. 
Since it takes about twenty hours for enough cells to die and become suffi- 
ciently discolored to produce visible signs of injury under these conditions, 
the increase in transpiration due to the breeze from an electric fan had no 
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appreciable effect on the shoots in the higher concentrations; but on those 
in the lower ones which required accumulation in the leaves to reach a 
lethal concentration, a marked effect may be noted. 

TABLE I 

Effect or transpiration upon the movement or arsenic into mornino-globy shoots 



i Time for complete filling of the vascular system. 

* Time for appearance of arsenic injury. 

* Only 4 shoots were subjected to each treatment and the large experimental error 
renders these data only roughly quantitative. 


The period of twenty to twenty-four hours required for arsenic injury 
to become visible may have been required for accumulation to a lethal con- 
centration, or the injury may simply have been due to a slow reaction. 
Eosin will kill the leaves in about four hours so this time is not all required 
for diffusion. Table II gives data on an experiment designed to clarify 
this point. Shoots were gathered, allowed to stand in tap water in the lab- 

id 

oratory for two hours, and the cut ends placed in a — As 2 0 3 solution. At 

definite intervals sets of four shoots were removed, washed under the tap, 
and set up in flasks containing water. The first row of table II gives the 
time intervals during which the sets were allowed to absorb arsenic solu- 
tion. The percentage of injury was estimated visually. Sufficient arsenic 
to completely kill the tissue was being absorbed within one hour, but injury 
was apparent only after about twenty hours. The injury to the shoots 
which had only a short time to absorb was different from the usual type, 
appearing first in the young tender stems just below the tips, spreading 
down the stem and out the petioles and mid-ribs, and affecting the meso- 
phyll to the least extent. This is typical of injury by very dilute solutions 
and indicates that the vascular tissues are more susceptible than mesophyll. 
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This agrees with the fact that the lethal concentration in leaves is higher 
than in roots where the parenchyma of the vascular system is the first 
tissue to show injury. 


TABLE II 

U 

Arsenic injury to morning-glory shoots which were allowed to absorb gg* As 8 O f 

SOLUTION FOR VARYING PERIODS OF TIME 


Absorption 

time 

Arsenic injury 

Tissues 

containing 

eosin* 

After 24 

HOURS 

After 29 
hours 

After 42 

HOURS 

hours 

per cent . 

per cent . 

per cent . 

per cent. 

0.25 

0 

0 

25 

25 

0.50 

0 

25 

100 

50 

0.75 

50 

50 

100 

75 

1.0 

75 

100 

100 

100 

1.5 

75 

100 

100 

100 

2.0 

100 

100 

100 

100 

2.5 

75 

75 

100 

100 

3.0 

75 

100 

100 

100 

4.0 

75 

100 

100 

100 

5.0 

100 

100 

100 

100 

6.0 

100 

100 

100 

100 

8.0 

100 

100 

100 

100 

17.0 1 

100 

100 

100 

100 

24.0 

100 

100 

100 

100 


* Estimated visually : after two hours there was a visible accumulation of eosin in 
the tissues; after four hours the tissues were injured; and after five hours death 
occurred. 

Since eosin and arsenic solutions move unhindered through xylem tis- 
sues, if stems are cut under these solutions, the rate of uptake should be an 
index of the amount of water deficit existing in the plants at the time the 
stems are cut. In table III rates of eosin uptake by stems are recorded for 
plants which were growing under different conditions of soil moisture, hu- 
midity, temperature* and illumination. The extent of movement was de- 
termined by removing the cortical tissues and observing the stained xylem. 

Bates measured in roots proved even greater, the xylem vessels being 
larger. The effect of air in the vessels was shown by a series of tests made 
by cutting the stems in air and immediately immersing them in the eosin 
solution. The stems were on the same plants as those which gave the rate 
of 2.46 inches per second when cut under the solution and twenty-six of 
them gave an average rate of 0.9 inches per second. The larger vessels 








TABLE III 

Bates or flow or eosin solutions into morning-glory stems cut under solution. (Movement recorded from cut end 

TOWARD CROWN Or PLANT) 
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Part or plant and 
growing conditions 

Potted plant from greenhouse 
Plant in water culture solution 
Potted plant in greenhouse; 
soil dry 

Potted plant in greenhouse; 
soil dry 

Plant in water culture 

Plant in water culture ; petiole 
cut and exposed 

Plant in moist soil ; petiole cut 
and exposed 

Mature plants in dry soil 
Mature plants in dry soil 
Mature plants in dry soil 
Mature plants in dry soil 

Plants in blossom, in dry soil 
Mature plants in wet soil 
Mature plants in wet soil 
Mature plants in wet soil 

8 

a 

Pm 

At Berkeley: 
Laboratory 
Laboratory 
Greenhouse 

Greenhouse 

Greenhouse 

Greenhouse 

Field 

At Davis: 

Field 

Field 

Field 

Field 

Field 

Field* 

Field* 

Field* 


These plants were growing in a plot which had been irrigated the day before these tests were made. 
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were filled with air and this movement was taking place through the smaller 
ones which, due to the fact that their menisei were able to withstand the 
pressure difference which existed at the time the cut was made, had not 
lost them liquid contents. 

This rapid uptake of a solution under the conditions of the experiment 
shows that a Bub-atmospheric pressure exists in the xylem of morning-glory 
plants which are transpiring. That the water deficit thus developed is 
capable of causing a thorough distribution of a solution through the roots 
is indicated by the fact that when the tops of plants were cut off at the 
ground level under eosin the roots were filled to a depth of seven feet within 
one hour ; and if arsenic solutions were used the roots were killed to a depth 
of seven feet or more (12). 

The effect of soil moisture upon the depth of penetration of arsenic was 
shown by an experiment using plants growing in soil tubes in the green- 
house. Three series were used, the first having been watered daily, the sec- 
ond having been left for five days without being watered, and the third 
having the tubes containing the roots and surrounding soil submerged in 
water for one hour before the spray was applied. Pour solutions were used 
as shown in table IV and the extent of injury is given, the roots having 
been removed three weeks after the spray was applied. 


TABLE IV 

Depth or injury to sprayed plants 


Solution 

Soil normal 

Soil dry 

Soil 

SATURATED 

HC1 1.6 N 

Stems killed to 
crown 

Stem killed to crown 

Stems killed 
to crown 

As.0, H in HC1 1.6 N 

Stem killed. Boot 
killed 4" below 
crown 

Stems killed. Boots 
killed 12" below 
crown 

Stems killed 
to crown 

AsA^inNaOH 0.5 N 

Stems killed. Boots 
killed 2" below 
oirewn 

Stems killed. Boots 
killed 6" below 
crown 

Stems killed 
to crown 

M 

-A-SsO* 2fP®- 

* 

Stems killed to 
crown 

Steins killed to crown 

l 

; 

Stems killed 
to crown 


Interpretation of a large amount of field data on spray tests leads to 

the same conclusion as this experiment, namely, that the dryer the soil, 

other conditions being equal, the deeper will the arsenic penetrate. 

2. The effect of exposure time upon the extent of injury . — If the spray 

solution does not have time enough to penetrate to the vascular tissues 

before it becomes dried on the leaves it cannot be carried to the remote parts 
* 










CRAFTS AND KENNEDY: MORNING-GLORY CONTROL 


of the plant. Gray experienced this difficulty and could only obtain re- 
sults (17) in the fog belt. Spraying in the afternoon when transpiration 
is at its height should favor deep penetration; and repeated spraying with 
water, following the initial application of arsenic, should avoid the drying 
difficulty. The two plants shown in figure 5 were sprayed with an acid 
solution of arsenic, plant A being allowed to dry and plant B being kept 
wet for two hours following the initial application. These plants had young 
foliage and were growing in a wet field so that distribution of the arsenic 
was not thorough in either of them, but the effect of a long exposure time 
is apparent in plant B despite the lower top : root ratio in this plant. The 
manufacturers of K.M.G. recommended that applications be made after 
sundown and during the night. Two plots of heavily infested land were 
used to test the effects of evaporation. One was sprayed in the afternoon, 
and followed by applications of water which kept the plants wet for one 
hour after the initial treatment; the other plot was sprayed after dark. 
Examination of the plants two weeks later showed no apparent difference in 
the effectiveness of the treatments. Evidently the night spraying did 
nothing except extend the exposure time. The advantage gained by the use 
of sulphuric acid in arsenic sprays, while partially due to the rapid killing 
and hardening of the plant tissue may also depend upon its hygroscopic 
nature. 


C. Arsenic content of sprayed plants 

Quantitative analyses were carried out on twenty-seven different 
morning-glory plants which had been sprayed with arsenic solutions. The 
plants were dug about ten days after spraying, the roots washed under the 
tap, and, after evaporation of surplus water, samples were taken and dried 
at 80°. These plants were growing in Berkeley and their roots branched 
at a depth of two feet or less and did not penetrate deeper than four feet. 
Table V shows the distribution of arsenic in the roots, being expressed as 
percentage As 2 0 3 in the dry weight of a sample. 

Twenty samples of stems and leaves gave an average percentage com- 
position of 0.2011 per cent. As 2 0 3 . The concentration below which no 
injury had been noted in the fresh sample was 0.0003 per cent, in the roots 
and 0.02 per cent. As 2 0 3 in the tops. This latter concentration was not 
determined on sprayed plants but on tops which had absorbed arsenic 
through branches cut under arsenic solution. 

III. Discussion 

The difficulties which caused Gray (7) to limit the use of his sprays to 
the fog belt in his recommendations can be understood in the light of the 
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TABLE V 

Arsenic distribution in morning-glory boots 


Depth in ground 

As 2 0, content, dey weight basis 

inches 

per cent . 

2 

0.00508 

2 to 4 

0.00448 

4 to 6 

0.00422 

6 to 8 

0.00302 

8 to 10 

0.00262 

10 to 12 

0.00231 

12 to 15 

0.00112 

15 to 18 

0.00044 

18 to 24 

0.00030 

24 to 30 

0.00001 


foregoing experiments. Using an alkaline solution, if lie increased the 
alkalinity to get more rapid penetration, the gelatinizing action of the 
free base caused clogging of the conducting channels. If he increased the 
arsenic he was soon limited by its solubility in the neighborhood of neutral- 
ity. The advantage of maturity of the plants was probably more closely 
related to water deficit than to downward transport of organic nutrients. 

The benefits of an acid solution have been pointed out. The most effec- 
tive arsenicals thus far tried have had an acid reaction. The use of 
arsenic as a toxic agent, however, is attended by certain inherent diffi- 
culties. Besides its low solubility at the pH of plant sap it requires the 
use of a killing agent to effect penetration of the cortical tissues. This 
agent rapidly destroys the mechanism responsible for the water deficit 
necessary for the transport of the arsenic. Once the spray is applied and 
the reaction of the plant has taken place, if the treatment has not been 
successful nothing more can be done during that season. Plants injured 
to a depth of a foot or more but not completely killed seem more resistant 
to further treatments the following season than do untreated plants. 

The poisonous nature of arsenic necessitates its transport through non- 
living channels in lethal concentrations. This practically limits its move- 
ment within the plant to the xylem and prescribes a high water deficit 
and particularly favorable conditions for application of the spray. These 
conditions are seldom met in actual practice. 

The latest developments in spraying technique take advantage of the 
water naturally occurring in the plant. Application of spray to the crown 
and stems allows early penetration in these regions. Subsequent spraying 
of the leaves releases a relatively large volume of sap into the xylem 
vessels resulting in a deep injection of the solution which has already 
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entered through the stems and which is consequently at the forward rather 
than at the rear end of the moving water columns. A thorough wetting 
of the plants is important also, for as soon as the available liquid has moved 
down into the roots all action ceases and the effectiveness of the treatment 
is fixed. 

From a practical standpoint the use of arsenic as a herbicide has several 
advantages. It is cheap and easily obtained, it may be readily dissolved 
by strong reagents and later diluted for field use, and it has proved suc- 
cessful at least in some instances. The fact that its transport is limited 
to the xylem, however, almost precludes the possibility that its use can 
ever result in complete eradication of morning glory, for the conditions 
required for its thorough distribution do not occur until after the maturity 
of the first seeds. Possibly it can be used in some stages of a control 
program. 

IV. Summary 

1. The persistent vegetative activity of the morning-glory is related to 
the large storage of starch in its roots. Early control methods, based on an 
attempt to deplete this starch reserve, have not proven practical. 

2. Killing of plants by arsenieals depends upon two factors: (a) pene- 
tration, and (b) distribution. 

3. Acid solutions are more effective than basic ones in penetrating cor- 
tical tissues in the morning-glory. 

4. Solutions lying between pH 3 and pH 9 do not cause rapid injury 
to tissues, the direct effect of their pH value being negligible. 

5. Plant buffers are active in neutralizing acid and alkaline sprays. 

6. Arsenic trioxide is soluble to a concentration of about one-twentieth 
molal at the pH of plant sap. 

7. Arsenic moves freely through the xylem of morning-glory plants. 

M 

Cut shoots may take up enough ^As 2 O s solution in one hour to be com- 
pletely killed. Injury appears only after a lapse of about 20 hours. Eosin 
may enter cut stems and move toward the roots at a rate as high as 2.46 
inches per second for five seconds*. The rate decreases as water deficit 
becomes satisfied. * 

8. Water deficit, as indicated by the uptake of eosin solution, is corre- 
lated with soil moisture. and transpiration. 

9. Prolonged exposure to the spray solution as by the condensation of 
dew or addition of water to the leaves greatly increases the depth of pene- 
tration of the arsenic. 

10. The hygroscopic properties of sulphuric acid and its hardening 
effect upon tissues make it an effective ingredient of the spray solution. 
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11. Maturity is an index of the proper time for spraying only as it is 
accompanied by water deficit. An examination of the pressure conditions 
in the xylem is a much more accurate test. 

12. The lethal concentrations of arsenic were 0.02 .per cent, of the dry 
weight in tops and 0.0003 per cent, in roots. 

13. Arsenic has been used with some success in the control of morning- 
glory but complete eradication is seldom accomplished by its use. 
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DETERMINATION OF THE PERCENTAGE OF SUCROSE IN 
SUGAR BEETS FOR RESEARCH PURPOSES 

Dean A. Pack* 

(with two figures) 

Introduction 

Recently an article was published by Reed (9), the purpose of which 
was: “To point out a source of error in the methods now used in sugar-beet 
testing and to present a method in which this particular error will not be 
possible/ ’ 

The cold water digestion method is the one with which this author finds 
fault. He reports evidence of its inaccuracy and explains that, since all 
the cells containing sucrose are not broken when pulp samples are taken, 
complete extraction cannot be expected with the use of cold water. He pro- 
poses a method in which the principal innovation is that the sample, either 
as pulp or as chunks taken with a knife, with the necessary lead acetate 
added, is steamed at 15 pounds pressure for 15 minutes. The purpose of 
the autoclaving is to render all of the cells in the sample permeable to su- 
crose. Working with this autoclave method he reports that all the samples 
taken from an individual beet gave the same reading. 

The cold water process is of such general use, both in research w r ork and 
commercial practice, that Reed’s criticisms and recommendations should be 
given careful consideration. 

This article points out some serious sources of error in the Reed method, 
again demonstrates the reliability of the cold water digestion method, and 
offers a suggestion as to why, contrary to a tenet held in some quarters, the 
cold water extraction is effective. 

While no attempt will be made to explain the results reported by Reed, 
a variation of 2.5 per cent, sugar between samples from the same beet, which 
he noted in the cold water digestion method, could be explained by the vari- 
ation in the percentage of sucrose in the different regions of the same beet. 
Other investigators have found wide differences in the percentage of sucrose 
in various regions of the beet. Floderer and Herke (3), who . worked ex- 
tensively on this question, reported average percentages of sucrose from 
different regions of the sugar beet, as follows: 11.51 for crown, 14.76 for 
shoulder, 17.59 for region of highest sugar, and from 14.40 to 16.01 for 
lower part of beet. They found in one test that the composited samples of 
two adjacent pieces from the shoulder region of fifty beets gave respectively 

i Formerly Associate Agronomist in Office of Sugar Plants, Bureau of Plant Indus- 
try, United States Department of Agriculture. 
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14.76 and 17.29 per cent, sucrose. As these results are averages from many 
beets, one finds still greater difference in dealing with such samples from 
individual beets. It is impossible to reconcile these known variations be- 
tween samples, with the statement by Reed (p. 368) in which it is reported 
that twelve samples from one beet each gave a . ten per cent, sugar content 
value. 

Reed is undoubtedly correct in his observation that ground beet pulp 
frequently contains unmacerated bits of tissue consisting of aggregates of 
unbroken cells. Obviously the common practice of eliminating, before 
weighing the pulp samples, such pieces of tissue as are large enough to be 
detected macroscopically amounts to a tacit recognition of the fact that the 
pulp as used may occasionally contain unmacerated bits of tissue and that 
fineness of pulp is desirable. It is indeed improbable that any rasp has 
been or will be designed which will break every cell in the pulp ground. If, 
in addition to granting this contention, one accepts the opinion expressed by 
Reed that, “any cells which are not broken will not only retain their sugar 
but will also take up water,” errors would reasonably be expected, as he 
maintains, in the cold water digestion method. The following experiments 
afford data bearing on the matter. 

Experimental 
Materials and methods 

The sugar-beet sampling machine, which was the pulping device used in 
this investigation, has been previously described by the writer (6). It will 
hereafter be referred to as “the machine.” In 1924, S. F. Sherwood, bio- 
chemist, Office of Sugar Plants, Bureau of Plant Industry, United States 
Department of Agriculture, analyzed by both the hot and cold water diges- 
tion methods sugar-beet pulp produced by this machine. He concluded 
that the pulp produced by this machine was fine enough for cold water 
digestion. The writer has since confirmed his results by checking the cold 
water digestion method against the hot alcohol extraction method (1). 

The apparatus used in the analyses here reported is calibrated for one- 
half the normal weight of beet pulp, or 13 instead of 26 grams, and the 
smaller amount of pulp was consequently used for the samples. The polari- 
scope readings are therefore one-half the actual percentage of sucrose. The 
samples of pulp except for experiment no. 5 (in which the weights are re- 
corded) and those of sucrose were all weighed to an accuracy of one milli- 
gram on an analytical balance. With one exception, which will be noted, 
2.6 gram samples of pure sucrose were used, so that the polariscope read- 
ings would be of about the same range as those with beet pulp samples. 
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The clearing of the pulp samples was accomplished by the use of a small 
amount of basic lead acetate solution (about 2.5 cc. of 1.25 sp. gr., or 30° 
Baume, to 13 grams of sugar-beet pulp). In cases where digestion and 
clearing were effected at the same time, 88.5 cc. of dilute, sp. gr. 1.0073 
basic lead acetate were used for each 13-gram sample. It should be noted 
that the amount of clearing solution used in these experiments was in ac- 
cordance with standard procedure (1) rather than the concentrated solu- 
tion (usually used as a stock solution) which Reed advises. The clearing 
solution was measured by a standardized overflow burette, or weighed, and 
the weights corrected for the density of the solution. In all cases the vol- 
umes of the solutions were adjusted before polarization. The polariscope 
readings were made at 20° C. or the temperature correction applied. The 
readings for single samples, here recorded to one one-hundredth of a per 
cent., are the average of three or more separate readings on the same sam- 
ple. Whenever possible, the help of a second person was obtained to check 
all readings. 

The sugar beets used were fresh and in ideal condition for comparable 
sampling. Two lots of sucrose were used in the tests: (1) Domino cane 
sugar, refined by the American Sugar Refining Company, and (2) Sac- 
charose “Difco” Standardized, guaranteed of perfect rotation, containing 
minimum moisture and ash ; chlorides, sulphates, and heavy metals absent. 
This product is produced by the Digestive Ferments Company. The basic 
and neutral lead acetates used were of C. P. grade. Distilled water was 
used for the dilutions. 

A twenty-five quart aluminum autoclave was used for these experiments. 
This autoclave is provided with a standard steam gauge reading in pounds 
from 1 to 30. It was heated on a coal stove and carefully watched by one 
person to control the pressure as desired. From 10 to 15 minutes heating 
was required to bring the pressure to 15 pounds, and 7 to 10 minutes to 
completely reduce this pressure. 

Procedure and results 

Experiment no. 1. — Three samples of pulp were cut, with the machine 
mentioned, from one sugar beet. These samples were digested in cold 
water, cleared with basic lead acetate and polarized. The readings 2 were 
10.40, 10.43, and 10.71, respectively, or an average of 10.51. 

From the same beet, three comparable samples were cut with a knife. 
These samples were sliced into pieces one-sixteenth of an inch thick and 
autoclaved with basic lead acetate at 15 pounds pressure for 15 minutes. 
The readings were 9.24, 9.18, and 9.29, respectively, or an average of 9.24. 

* To get the percentage of sucrose these readings should be multiplied by 2.- 
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. This indicates that treatment of one-sixteenth inch slices of sugar-beet 
tissue in basic lead acetate with steam at 15 pounds pressure for 15 minutes 
resulted in lowering the average polariscope reading 1.27, which is equiva- 
lent to 2.54 per cent, sucrose. 

Experiment no. 2. — Two samples were cut with the machine from a 
uniform beet at the positions indicated by sectors 1-d and 2-d in figure 1. 
After cold water digestion these samples read 10.07 and 9.85, or an average 
of 9.96. 



Fig. 1. Cross-section of sampled beet in experiment no. 2 showing position of samples. 

Four other samples were cut with a knife from the same beet at posi- 
tions indicated in the diagram (fig. 1) as la, 2a, 3a, and 4a. These four 
samples were each cut into slices one-sixteenth inch in thickness, then 
treated with basic lead acetate and autoclaved according to Reed’s recom- 
mendation. The readings from these were 8.50, 8.75, 8.92, and 8.80, respec- 
tively, or an average of 8.74. 

The Reed method in this case gave an average reading showing 2.5 per 
cent, less sucrose in the samples than was determined by the standard cold 
water digestion method. 

Experiment no. 3. — Two composite samples of pulp were cut with the 
machine from eight beets. After cold water digestion and the usual clear- 
ing the extracts read 9.35 and 9.91, or an average of 9.63. 

From the same eight beets two comparable composite samples were cut 
with a knife from the tissue adjoining the machine cuts. After steaming 
under pressure, as recommended, with basic lead acetate the extracts read 
8.35 and 8.90, or an average of 8.63. 

Here again the Reed method resulted in a very serious error in the su- 
crose determination, a* decrease of 2 per cent, from that determined by the 
cold water process. 

Experiment no. 4. — Two composite samples were cut with the machine 
from five uniform beets. The pulp samples were retained for analysis and 
the five beets were placed in a closed can and taken to the laboratory of Dr. 
M. D. Thomas at the Experiment Station of the American Smelting and 
Refining Company. Dr. Thomas then analyzed the beets by the Reed 
method. Following & suggestion from the writer’s work on beet tissue 
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..pieces of different sizes, Dr. Thomas used some samples consisting of thin 
slices and others of thick slices. The extracts from the thin slices averaged 
18.40 per cent, sucrose and those from the thick slices 15.87 per cent, su- 
crose. The pulp samples, which the writer analyzed, gave an average read- 
ing of 10.12, or 20.24 per cent, sucrose. 

Again the Reed method indicated a distinctly lower percentage of sugar 
than was shown by the cold water method. 

Experiment no. 5. — Following a test in which the writer found with 
the autoclave method that the polariscope readings decreased with an in- 
crease in the size of the pieces of beet tissue in the sample, an experiment 
was planned to clarify this question. 

Eight similar samples were cut with a knife from a uniform beet (see 
fig. 2). Precautions were taken in the sampling with regard to the known 
facts concerning the distribution of the sugar in sugar-beet roots (3, 7, 8, 
10, and 12). 



Pig. 2. Method of sampling beet and sectioning the samples. 

a. Shows side view of beet indicating position of samples by number. 

b. Sectional view indicating Bame. 

c. Method of slicing wedge shaped sample into 1/16 inch slices. 

d. Method of obtaining 3/8 inch slices. 

The' wedge-shaped pieces of beet tissue were sliced on a glass plate and 
weighed quickly into flasks, with precaution against evaporation. Samples 
1, 3, 5, and 7 were cut into slices not over one-sixteenth of an inch thick. 
Samples 2, 4, 6, and 8 were cut into three-eighths inch thick siiees. The 
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samples were treated with lead sub-acetate and then steamed under pres- 
sure. After the autoclave treatment, samples 3, 5, 4, and 6 were cooled 
to 20° C., made up to 100-cc. volume, let stand for four hours and then 
read. The flasks containing samples 1, 7, 2, and 8, which were plugged 
with cotton before steaming, were allowed to stand seven days and then 
made up to 100-cc. volume, allowed to stand four hours and then read. 

The results of this experiment, as shown in table I, indicate that in the 


TABLE I 

The effect or (1) the size or beet tissue pieces in the samples, (2) the period or 

EXTRACTION, AND (3) THE AUTOCLAVE EXPOSURE ON THE P0LARI8C0PE READINGS 


Sample 

NUMBER 

Weight 
OP TISSUE 

Thick- 
ness or 

SECTIONS 

Extraction 

PERIOD 

Autoclaving 

Corrected 

polari- 

SCOPE 

READINGS 

Average 

Sucrose 

Pres- 

sure 

Time 

1 

3 

5 

7 

2 

4 

0 

8 

grams* 

13.01 

12.98 

13.12 

12.90 

13.09 

13.05 

13.03 

13.15 

inch 

1/10 

1/10 

1/10 

1/10 

3/8 

3/8 

3/8 

3/8 

7 days 
4hrs. 

4 hrs. 

7 days 

7 days 

4 hrs. 

4 hrs. 

7 days 

pounds 

10 

10 

15 

15 

10 

10 

15 

15 

minutes 

1 

1 

15 

15 

1 

1 

15 

15 

8.451 

8.00 

8.00 

8.35 

8.25 ‘ 

7.05 

7.25 

8.05 


8.20 

7.05 

per cent . 

10.40 

15.30 


* Samples weighed to nearest centigram and readings corrected for 13 grams, weight of 
sample. 


Reed method it would be necessary to control the size of the pieces of beet 
tissue in the samples to obtain a semblance of uniformity of extraction. 
This is shown by the fact that the finely cut samples 1, 3, 5, and 7 gave an 
average of 16.40, while the coarser cut samples 2, 4, 6, and 8 gave an aver- 
age of 15.30 per cent, sucrose. The fact that those four samples read after 
four hours gave an average reading of 7.58 (15.16 per cent, sucrose) and 
those four read after seven days an average reading of 8.28 (16.56 per cent, 
sucrose) indicates that the size of pieces in the tissue samples appreciably 
affects the time required for diffusion of the sucrose into the solution even 
if the pieces are autoclaved. 

Experiment no. 6. — In order to test the effect of autoclaving on ground 
sugar-beet pulp, the following experiment was conducted. One large sugar 
beet was sampled several times with the machine in order to obtain a large 
composite sample of uniform pulp and eliminate the errors in the per- 
centage of sucrose due to iregular distribution of sucrose in the beet. Since 
some time was required to weigh out this large number of samples and 
there were dangers of error due to evaporation, the order of weighing out 
the samples was specially arranged, as shown by the sample numbers 
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in table II. The samples to be autoclaved were thus given the advantage 
and the cold water and alcohol samples were at a disadvantage in being the 
first and last samples to be weighed out. 

These results show that steaming beet pulp in a basic lead acetate solu- 
tion definitely decreases the polariscope readings. The results of a more 

TABLE II 

Effect of autoclaving on beet pulp treated with basic tjcaii acetate 





Average 


R AMPLE 

Treatment 

POLARI- 

POLARISCOPE 

Equivalent 

NUMBER* 

SCOPE 

READINGS FOR 

PERCENTAGE 


READINGS 

EACH 

OF SUCROSE 




TREATMENT 


1 

29 

Alcohol extraction 

tt 

9.17 

9.16 

' 

9.16 

18.32 

2 

Cold water digestion process 

9.21 




3 

tt 

9.20 




4 

tt 

9.15 




5 


9.20 




6 

tt 

9.20 


9.19 

18.38 

25 


9.22 




26 


9.20 




27 


9.17 




28 

(< 

9.20 




7 

Autoclaved at 15 pounds for 





15 minutes with basic lead 
acetate 

9.13 




8 

a 

9.11 




9 

tt 

8.95 




10 


9.00 




11 

1 1 

9.07 


9.04 

18.08 

12 


8.95 




13 


9.00 




14 

tt 

9.00 




15 

tt 

9.14 




16 

Autoclaved at 15 pounds for 





15 minutes with distilled 
water 

9.201 




17 

tt 

9.17 




18 

tt 

9.25 




19 

tt 

9.10 




20 

tt 

9.20 


9.17 

18.34 

21 

tt 

9.20 




22 

1 1 

9.20 




23 

1 1 

9.13 




24.. 

tt 

9.10 





* Numerical order indicates order in which samples were weighed. 


extensive experiment confirmed this point. It is worthy of note, too, that 
the samples steamed under pressure with basic lead acetate were shown 
by the Munson and Walk er method to have 50 per cent, more direct re- 
ducing sugars than did those given the cold water digestion process. The 
extraction by alcohol was proved to be complete by the alpha naphthol test. 
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Experiment no. 7. — The purpose of this test was to study the effect of 
different exposures to steam pressure on finely ground sugar-beet pulp in 
distilled water. Samples were weighed out from a composite sample of 
maehine-cut pulp, autoclaved with distilled water, cleared, made up to 
volume and polarized. The results are shown in table III. 

These results indicate that prolonged exposures of sugar-beet pulp to 
steam under pressure, even when in distilled water, appreciably decreases 
the amount of sucrose, but that short exposures at ten pounds, or even 
twenty-seven pounds pressure does not cause an appreciable decrease. 

Experiment no. 8. — The following experiment was planned to deter- 
mine the effect of autoclaving chemically pure sucrose with each of the 
following solutions: Basic lead acetate, 1.0073 sp. gr. ; neutral lead acetate, 
0.5 cc.- in 100-ce. volume of solution ; and distilled water. 

TABLE III 

EFFECT 07 DIFFERENT LENGTHS OF EXPOSURE TO STEAM UNDER PRESSURE ON SUGAR-BEET 

PULP IN DISTILLED WATER 




Exposure 


Sample 



Polaris cope 

number 

Time 

Pressure 

READINGS 


minutes 

pounds 


1 

45 

15 

7.34 

2 

45 

15 

7.37 

3 

1 

10 

7.59 

4 

1 

10 

7.56 

5 

1 

27 

7.52 

6 

1 

27 

7.55 

7 Check* 

— 

— 

7.55 

8 Check* 

— 

— 

7.56 


* Cold water digestion. 


The results (table IV) indicate that pure sucrose in distilled water 
is slightly decomposed by steam at 15 pounds for 15 minutes and more so 
by prolonged exposure. They also show that in basic lead acetate solution 
sucrose is even more markedly decomposed by steam under pressure. Sam- 
ples 16, 17, 18, and 19 were acid to litmus after autoclaving. Samples 10 
and 11 reduced an alkaline copper salt solution at 70° Q. in 5 minutes, 
while samples 16 and 17 Bhowed marked reduction within one minute at 
room temperature. These results show that even pure sucrose can not be 
safely autoclaved with either of the lead solutions at 15 pounds for 15 
minutes. 
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TABLE IV 

The effect on pure sucrose or autoclaving it in distilled water with varied. . 

EXPOSURES AND ALSO IN BASIC AND NEUTRAL LEAD ACETATES 


Sample 

Solution 

Steaming 

Polaris cope 

number 

Time 

Pressure 

headings 

1 Cheek 


minute s 

pounds 

10.00 

2 Check 




9.99 

3 Check 




10.00 

4 Check 




9.99 

5 Check 




10.00 

6 

Distilled water 

15 

15 

9.95 

7 

1 1 

15 

15 

9.95 

8 

i i 

15 

15 

10.00 

9 

<< 

15 

15 

9.98 

10 

a 

120 

15 

9.85 

11 

* i 

120 

15 

9.60 

12 

Basic lead acetate 

15 

15 

8.90 

13 

t i 

15 

15 

9.28 

14 

< < 

15 

15 

9.15 

15 

i i 

15 

15 

8.85 

16 

t i 

120 

15 

8.10 

17 

* * 

120 

15 

8.65 

18 

Neutral lead acetate 

15 

15 

9.67 

19 

<< 

15 

15 

9.73 


Experiment no. 9. — The preceding experiment was repeated using one- 
half normal weights (13.000 grams) of pure sucrose per 100 cc. solution, 
and treated, as shown in table V. 

These results definitely confirm the results of experiments 6 and 8, and 
show that the polarization of sucrose is reduced by autoclaving at 15 
pounds for 15 minutes, and strikingly so when basic lead acetate is present. 

Experiment no. 10. — The increased acidity of sugar-beet pulp due to 
autoclaving was demonstrated by digesting 13.000-gram samples of beet 
pulp in 88.5 cc. of dilute basic lead acetate, or water, and following the 
standard beet-sugar factory method for titration of acid solutions. In 100 
cc. of filtrate from beet pulp autoclaved at 15 pounds for 15 minutes with 
basic lead acetate, the acidity corresponds to 0.058 gram CaO, while that 
for the check solution not autoclaved was only 0.044 gram OaO. In other 
words, 14 cc. of N/28 alkali were required to neutralize the increased ac- 
cumulation of acid in the beet pulp due to autoclaving. The increased 
acidity of sugar-beet pulp autoclaved in distilled water at 15 pounds for 
15 minutes amounted to 0.010 gram CaO, or 10 cc. of N/28 alkali. These 
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TABLE V 

Thz nraoz or autoclatino on sucrose dissolved in distilled wates and in dilute 

BASIC LEAD ACETATE SOLUTION 


. Sample 

NUMBER 

Weight 

sucrose 

Volume or 

SOLUTION 

Treatment 

Polariscope 

readings 

AT 20° C. 


gm. 

CO. 



1 

18.000 

100 

Distilled water (check) 

49.80 

2 

13.000 

100 

Autoclaved at 15 pounds for 
15 minutes with distilled 
water 

49.55 

3 

32.500 

250 

Distilled water (check) 

49.85 

4 

32.500 

250 

Autoclaved at 15 pounds for 
15 minutes with distilled 
water 

49.55 

5 

32.500 

250 

Autoclaved at 15 pounds for 
15 minutes with dilute basic 
lead acetate solution 

47.65* 


* This sample was so badly discolored that a tenfold dilution was required before 
reading. 


results furnish an explanation of the reduced polarization of sucrose and 
of sugar-beet pulp after being autoclaved. 

Experiment no. 11. — This experiment was planned to determine what, 
if any, percentage of the sugar-beet cells in finely ground pulp retained 
their sucrose after the cold water extraction. A composite sample was cut 
by the machine from three sugar beets. Two 13-gram samples, cold water 
digested, read 9.45 and 9.43, or an average of 18.88 per cent, sucrose. 
Four other 13-gram samples were weighed out and washed repeatedly by 
pouring cold water over the pulp in funnels. After 24 hours the wash 
waters gave a negative alpha-naphthol reaction showing complete absence 
of sucrose. This pulp was examined under a microscope and found to be 
made up of aggregate of cells three or more layers thick. The washed 
samples were then transferred to 100-cc. sugar flasks and digested 30 min- 
utes at 75° to 80° G. Each of these hot water extractions read zero in the 
polariscope and gave negative alpha-naphthol reactions. This shows that 
the hot water had failed to extract additional sucrose, and therefore that 
the cold water had extracted the sucrose completely. 

As some might question the effect of the long period (24 hours) of cold 
water washing, the experiment was repeated. The beet pulp used tested 
18.15 per cent, sucrose. Two hours were required to completely wash the 
three samples with cold water under ordinary pressure. Between 500 and 
700 ec. «f water were used for each 13-gram sample. The samples were 
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transferred to 100-cc. flasks and hot water digested. Each filtrate gave 
zero polariscope reading and all but one a negative alpha-naphthol reac- 
tion. The reaction in this one case was very faint. This confirms in gen- 
eral the previous test. These results show that cold water digestion is 
effective with finely ground pulp. 

Experiment no. 12. — In order to check the cold water digestion method 
with the freezing method, a composite sample of uniform pulp was cut by 
the machine from one beet. Three samples of this pulp after digesting with 
cold basic lead acetate read 8.52, 8.53, and 8.52, respectively. Five samples 
of this pulp were frozen with solid carbon dioxide for two hours. These 
samples after clearing read 8.53, 8.52, 8.54, 8.52, and 8.51, respectively. 
These results show that for finely ground pulp the cold water digestion 
method is as accurate as the freezing method. 

Four comparable samples were cut with a knife from this same beet that 
furnished the pulp samples. The first two samples were sliced to a thick- 
ness of one-fourth inch or less, frozen as stated above, and read as 1.30 and 
1.00, while the other two samples sliced to a thickness of one-sixteenth inch 
or less read 2.30 and 3.52, respectively. One and one-half hours were al- 
lowed for clearing and diffusion before reading. These results confirm the 
results of experiment 5, and show that the freezing method, as well as the 
autoclave method, requires a finely divided pulp. It is noteworthy that the 
results obtained here by the freezing method are not in harmony with the 
uniform results which Reed obtained from 15 samples (loc. cit., p. 369). 

Discussion 

Regarding the cold water digestion of sugar-beet pulp, the case is sim- 
ple. If the pulp is ground fine enough to permit of complete extraction, 
no point is to be gained in autoclaving since heating under pressure is ex- 
tremely likely to cause changes which materially affect the specific rotatory 
power. If the pulp is not fine enough for cold water extraction, the hot 
water or alcohol method should be used. 

While some low speed rasps and food choppers cut too. coarse a pulp for 
cold water extraction, this is not the case with the disc machine devised by 
the writer. The disc, which is of special design for cutting a fine pulp, 
runs at 1725 rpm. and cuts a pulp fine enough for cold water extraction. 
Extensive earlier experiments of the writer as well as those of other work- 
ers (2, 11), show that the cold water digestion method is, with due precau- 
tions, accurate to within one-tenth of one per cent. It is a rapid method 
which affords a degree of accuracy sufficient for the critical testing of beets 
for genetical purposes as well as for various phases of physiological re- 
search. 
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In general commercial practice the cold water digestion method is 
widely used in connection with beet-sugar factory operation and the settle- 
ment of grower contracts involving the percentage of sucrose in the beets. 
Here also a reasonable degree of accuracy is necessary, and, naturally, con- 
trol analyses by hot water digestion are frequently run. All this procedure 
is clearly contradictory to Heed’s data and consequently to his conclusions. 

The basic assumption on which Heed’s work was done is that the un- 
broken cells would not allow the sucrose in them to escape. From the ex- 
periments here reported, it appears that the plasma membranes of the 
unbroken cells of a fine pulp are rendered permeable to sucrose. Experi- 
ment no. 11 shows that sucrose under cold water extraction diffuses readily 
from finely ground pulp. Presumably this is due to certain phenomena 
associated with the stimulus of wounding (5). This suggestion regarding 
the probable explanation of the effectiveness of cold water extraction is 
worthy of special attention. 

Regarding the second major point of interest — the autoclave method — 
it will be noted that one very important point was overlooked. Even 
though sucrose is relatively stable in alkaline solution ( 4 ), in the writer’s 
tests pure sucrose was not stable when autoclaved at 15 pounds for 15 min- 
utes with either distilled water, neutral lead acetate, or basic lead acetate 
solutions. This is in harmony with other reports, e.g. Brown ( 2 ) quotes 
Herzfeld to the effect that sucrose dissolved in water is decomposed by 
heating. Further, the results here reported show that by exposure to high 
temperature and pressure, the solution containing basic lead acetate and 
sucrose was completely neutralized and direct reducing sugars were 
formed. It is a regular part of the commercial refining process to neu- 
tralize the acids in the extracted beet juice by means of lime in order to 
prevent losses of sucrose. The results of the writer’s experiments along 
this line are quite in harmony with these long established facts and prac- 
tices. Heed says that the autoclave method yields a higher sugar reading 
than does the cold water digestion process and that it does not affect refined 
sugar when this is added to samples with lead sub-acetate before heating. 
The writer has shown that the autoclave method consistently and seriously 
decreases the sucrose reading of beet juice; that the method results in de- 
composition of p|jpe sucrose, and that the polariscope reading of even pure 
sucrose in distilled water or lead acetate solutions is lowered by the auto- 
claving Heed recommends for beet tissue samples. 

One other point of minor interest should be mentioned. Heed states 
that “chunk’* samples are as satisfactory as pulp with the autoclave 
method. The writer’s results show (experiments 4 and 5) that complete 
diffusion ffom such “chunks” requires days (as opposed to minutes) for 
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extraction if the size of the pieces in the samples are of the type TMcim evi- 
dently proposes for use. These statements are equally true when applied 
to the freezing process (experiment 12) . If finely ground pulp is used, the 
freezing method appears to have fewer objectional features than the auto- 
clave method, since no reduction was noted in the sucrose reading of frozen 
pulp. However, no good reason for the recommendation of either is evi- 
dent. The practice formerly followed in the writer’s work, in taking pulp 
samples, has been to sharpen the disc of the machine each year, but in the 
1929 tests it was used the second season without sharpening. As a result, 
the pulp used in these experiments has not been quite so fine as the pulp 
used in previous investigations. The pulp cut at this time contained many 
shreds which have not appeared in the pulp from the newly sharpened disc. 
The fact that under these conditions the machine still cuts a pulp 
sufficiently fine for cold water digestion, very decidedly strengthens the 
results and arguments here presented. 

An attempt to discard a long established method without an abundance 
of carefully confirmed supporting evidence is very regrettable. In this in- 
stance not only will it cause confusion in investigational work but it is likely 
also to make trouble in beet-sugar factory operations. Unless promptly 
corrected, the mistaken criticism of the cold water digestion method is 
likely to arouse questions in the settlement of grower contracts where accu- 
rate determination of the percentage of sugar in the beets is presupposed. 

Acknowledgments are due to Dr. Eubanks Cabsneb for helpful sugges- 
tions and criticisms. 

Summary 

1. It was experimentally demonstrated that the cold water digestion of 
finely ground sugar-beet pulp gave higher and more consistent polariscope 
readings than did the comparable samples autoclaved, as recommended by 
Reed, 

2. Evidence was secured that the time required for complete extraction 
of sugar from autoclaved or frozen beet tissue varied directly with the size 
of the tissue pieces in the sample. 

3. Autoclaving at 15 pounds for 15 minutes with either basic or neutral 
lead acetate reduced the polariscope readings of sugar-beet pulp and of pure 
sucrose. This polariscope reading decreased as the time of autoclaving was. 
increased. 

4. Pure sucrose was measurably decomposed by autoclaving at 15 
pounds for 15 minutes with basic lead acetate. 

5. The polarization of pure sucrose dissolved in distilled water was also 
lowered by autoclaving. 
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6. The results obtained show that the cold water digestion method for 
the determination of sucrose in sugar-beet tissue is superior to autoclave 
digestion, and that the cold water extraction method can be depended upon 
when finely ground pulp is used. It is suggested that the extraction of 
sucrose by cold water from unbroken living cells may be due to changes in 
permeability resulting from wounding of the tissue. 

Salt Lake City, Utah. 
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ESTIMATION OF NITRATE NITROGEN IN PLANT JUICE: 

A STUDY OF THE EXPRESSION AND CLARIFICA- 
TION OF THE JUICE 1 ' 8 

Donald E. Freak 
(with one figure) 

Introduction 

Since the publication by Gilbert (3) of the colorimetric method for the 
determination of nitrate nitrogen, phosphate, and potash in plant juices, 
several workers have presented criticisms and modifications of this method 
as applied to nitrates. These include particularly Holtz and Larson (7) 
and Emmert (2). Considerable work has been done in this laboratory on 
this particular determination and the purpose of this paper is to present 
the modifications which have evolved here during the past four years. 

The Gilbert method is essentially as follows: The fresh plant tissue 
is ground and the juice expressed through fine mesh cloth. This juice is 
decolorized with carbon black and finally clarified by the addition of solu- 
tions of AgS0 4 , CuS0 4 , and a mixture of solid Ca(OH) 2 and MgCO, as 
recommended by Harper (5). It was originally the plan to determine 
nitrate nitrogen, phosphorus, and potash on aliquots of the original juice. 
As the phosphate determination does not permit the use of alkaline re- 
agents for clarification, the treatment with carbon black was extremely 
important. Later it was believed that heating would coagulate much of 
the colloidal material, allowing its separation with the carbon black on 
the filter. This was adopted shortly after publication of the original 
method, but has never been described in the literature. 

Holtz and Larson (7) have published a criticism of the recovery of 
nitrate nitrogen by the Gilbert method, stating that, using the procedure 
as published, they were only able to recover 40-45 per cent, of the nitrate 
added to extracts of wheat plants. This extremely low recovery they 
attribute to the use of MgCO s in the final clarification, which prolonged 
the final evaporation. These workers have suggested a modified procedure 
i Contribution no. 390 of the Bhode Island Agricultural Experiment Station. 

* The product collected when plant tissues have been subjected to pressure has been 
variously termed sap, juice, plant solution, tissue fluid, expressed plant tissue fluid, etc. 
In order to reduce this confusion of names the author suggests that the word “juice” 
be used as defined in the Oxford Dictionary; “The watery or liquid part of vegetables 
or fruits which can be expressed or extracted.” The New Webster’s International Dic- 
tionary defines juice: “The extractable fluid contents of plant cells or plant structures, 
consisting of water holding sugars or other substances in solution.” 
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in which the AgS0 4 and CuS0 4 solutions, the carbon blaek, and the 
Ca(OH) t are added at the same time, and filtered -without heating. Holtz 
and Labbon further Teport that this method gives them 90-100 per cent, 
recovery of added nitrate nitrogen, but their data show no higher results 
on the original sample of extract than those obtained by the Gilbert 
'method. 

The use of carbon black has been criticized by Emmert (2), who cites 
the theoretical possibility of reduction of nitrates in the solution in the 
presence of the carbon black. In addition, he mentions the difficulty in 
obtaining suitable carbon black, and the possibility of relatively great 
adsorption and occlusion with some brands. 

The Gilbert method as it was originally described gave results for nitrate 
nitrogen, phosphorus, and potash in the juice of plants that correlated with 
the amounts of these elements applied to the substrate upon which the 
plants were growing, and with crop yields. The method has then fulfilled 
the requirements which were imposed upon it, and it still is to be con- 
sidered sufficiently accurate to indicate any large differences which may 
exist in crop juices. The modified method presented in this paper includes 
several refinements in technie that have improved the accuracy of the 
method so that it more nearly measures the true quantity of nitrate nitrogen 
in the plant. 

Modifications in the method 
Comparison of methods for obtaining the juice 

Considerable difficulty was experienced in obtaining sufficient juice by 
the grinding and straining procedure, especially from small samples. 
There is some question whether the juice so obtained is a representative 
aliquot of the juice present in the plant, and it was felt that a more suit- 
able method for securing samples of juice was desirable. Several workers 
(Gortneb and Harris (4), Korstian (8), Newton, Brown and Martin 
(12), etc.), have used an ice-salt bath to freeze the plant tissue. This proc- 
ess was used in this laboratory with considerable success, but in some 
cases the plant tissue was extremely resistant to freezing at the tempera- 
ture resulting (-10 to - 15° C.). Later, following the method of Harvey 
(6), Meyer (11), Lewis and Tuttle (9), and others, solid carbon dioxide 
was used as a freezing medium with greater success. The temperature 
was so low that there was no question of the thoroughness of the freezing 
when the tissue was placed in contact with the solid C0 2 . There has re- 
cently been placed on the market a machine which manufactures small 
cakes of the solid CO* from the compressed gas in drums. This eliminates 
purchasing large quantities of the solid C0 2 , and the cost of freezing indi- 
vidual samples is low. 
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It is unlikely that the substitution of solid C0 2 for the ice-salt bath 
would affect the recovery of nitrate nitrogen from the resulting juice, since 
Meyer (11) cites evidence that there is little difference in osmotic pressure 
between samples of juice expressed after freezing with liquid air, solid C0 2 , 
and ice-salt mixture. No direct comparison has been attempted in this 
laboratory. 

After allowing the sample of plant tissue to remain in contact with the 
solid C0 2 for four hours or more, it is thawed, and pressed with mechanical 
pressure. An especially designed press cage has been used with good re- 
sults in a hydraulic press maintaining 1000 pounds per square inch pres- 
sure on the tissue. 

The cage used was designed to give the greatest ease of cleaning to- 
gether with the lowest cost of manufacture. Three parts make up the 
entire assembly : The sleeve, A, is a six inch length of cold drawn seamless 
steel tubing with an outside diameter of three inches, and one-eighth inch 
walls. The base plate, B, is machined from a three-inch cast iron disc 
three-fourths inch thick to a diameter one sixty-fourth inch less than the 
inside diameter of the sleeve, leaving a one-quarter inch flange to allow 
the plate to extend only one-half inch into the sleeve. The plunger, C, is 
machined from a three inch bar of cast iron, six and one-half inches long, 
leaving a half-inch flange at one end to facilitate removal. This plunger 
is machined to 0.001 inch of the inside diameter of the sleeve. (See 
figure 1). 

The dimensions given may be varied to suit the individual require- 
ments : A cage made from one-inch tubing two and one-half inches long is 
very convenient for small samples. These cages can be readily taken apart 
and cleaned, a convenient feature when a large number of determinations 
are to be made. 

There is a small hydraulic press on the market which is convenient, 
satisfactory, and relatively inexpensive, and which is designed for the ex- 
pression of juices and oils. The juice as it is expressed from the tissue 
flows from the lower end of the cage and into a gutter in the press plate 
of the press, from which it discharges into a beaker. 

The physical character of the juice from the above procedure is mark- 
edly different from that obtained when the tissue is ground. The juice 
from frozen tissue is practically free from eell debris, and contains only 
small quantities of protoplasm, whereas the juice from ground tissue con- 
tained mueh colloidal material. 

Carbon black as a decolorizing agent 

The treatment with carbon black was necessary in the original prepa- 
ration of the juice, since, as has been noted above, two other detormina- 
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Fig. 1. Press cages used in the expression of plant juices: A, sleeve; B, base plate; 

C, plunger. 

turns were to be made on aliquots of the sample. Since this work is di- 
rectly concerned only with the determination of nitrate nitrogen, it was 
found that the reagents recommended by Harpeb (5), with slight modi- 
fications, removed all of the coloring matter without the preliminary carbon 
black decolorization. In addition to this, there is considerable possibility 

TABLE I 

Recovery or nitrate nitrogen from synthetic solution when different brands of 

CARBON BLACK WERE USED. TWENTY-FIVE CC. OF A SOLUTION CON- 
TAINING 100 PPM. NITRATE NITROGEN PLUS 2.5 GM. 

OF CARBON BLACK 


Brand 

Nitrate nitrogen recovered 


ppm. 

None 

100 

A 

95 

B * * 

105 

0 

109 

D 

99 

£ 

14 


that the carbon black will adsorb or occlude some of the nitrate nitrogen 
present in solution. Some carbon blacks, on the other hand, contain 
nitrates and perhaps free nitric acid. A trial of five brands of carbon 
Macks is shown in table I. 
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The fact that the determination could be made on juices without carbon 
black made possible a study of the amounts actually removed freon beet 
juices by the black itself (table II). 


TABLE II 

Recovery or nitrate nitrogen from beet juices with and without carbon black 
Twenty-five oc. or juice plus 2.5 qm. or carbon black 


Sample number 

Plus carbon black 

NO CARBON BLACK 

i 

563 

667 

2 

526 

602 

3 

641 

735 

4 

379 

757 


These figures indicate that carbon black introduces the possibility of 
serious error. This agrees with the findings of Emerson (1) and Lipman 
and Sharp (10), who worked with carbon black and animal charcoal. No 
attempt has been made to determine the way in which the carbon black 
operates to remove nitrate nitrogen. 

Emmert (2) states that there is the possibility of serious error through 
the continuation of reduction of nitrate nitrogen in the extract after the 
addition of carbon black. To the author the possibility of this taking 
place seems very slight. While there is no direct evidence to be offered 
to prove that no reduction takes place, table III gives several results which 
indicate that change in the quantity of nitrate nitrogen recovered is small 

TABLE III 

Nitrate nitrogen recovered by Gilbert method prom leaves after standing 


Crop (leaves) 

Nitrate 

nitrogen 

DETERMINED 

ONE-HALP HOUR 
AFTER PICKING 

Temperature 

OF ROOM 

Nitrate 

nitrogen 

DETERMINED 

IN LATER 
DETERMINATION 

Time 

ELAPSING 

BETWEEN 

DETERMINATIONS 

Beet (midribs 

ppm. 

degrees 

ppm . 

hours 

removed) ... 
Beet (midribs 

649 

25 

641 

7 

removed) ... 
Cabbage (mid- 
ribs remov- 

58 

25 

70 

5 

ed) „ 

285 

27 

273 

6.5 


even though the juice is allowed to stand for a considerable time. These 
results were obtained by halving each leaf immediately after collection, 
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determining nitrate nitrogen in one-half at once and allowing the other 
half to remain at the temperature shown for the time indicated. 

The juice is in contact with the carbon black for a very short time, 
probably not over five minutes in most cases. While the theoretical pos- 
sibility that the reduction of nitrates may continue, due to catalytic action 
of the carbon black or plant reducing substances is acknowledged, it has 
been the experience of the author that this is so slight under normal con- 
ditions that it may be disregarded. It is to be noted that Emmert -secured 
considerable reduction only when he used metallic zinc with NaOH, a much 
more powerful reducing agent than normally occurs in plant tissues. 

The use of carbon black is not advised without an extremely careful 
investigation of the effect of the carbon black chosen on nitrates in solution. 
In this procedure the use of carbon black is eliminated. 

Clarification reagents 

The quantities of reagents used in the final clarification of the juice and 
removal of the chlorides have been changed considerably from the amounts 
recommended by Harper in his original procedure. The quantity of 
saturated AgSO t solution used to precipitate chlorides has been reduced 
from 10 cc. to 5 cc., since it has been observed that the latter amount is 
sufficient to precipitate the chlorides present in normal juices. Emmert 
recommends that the treatment with AgS0 4 be omitted when the chlorine 
content is below 20 ppm. It has been noted in this laboratory that most 
of the juices under examination contain more than the above designated 
quantity. Any considerable excess of silver, however, leaves a brown or 
black mirror when the solution is evaporated preliminary to the treatment 
with phenoldisulphonic acid. 

Gilbert has recommended that 0.5 cc. of N CuS0 4 be used to precipitate 
the proteins present in the juice. This quantity is sufficient in most in- 
stances, but the use of 1.0 cc. of N CuS0 4 is more likely to satisfy all con- 
ditions. Table IV shows the results obtained when clarification reagents 
are omitted or substituted in various Ways. 

These data substantiate the findings of several workers, that some basic 
material is necessary Jo precipitate the silver and copper as the hydroxides. 
Undoubtedly the greater part of the clarification is brought about by these 
hydroxides, and it is essential to have them in the state of division which 
will give the maximum adsorption of coloring material. It is evident that 
MgCO, is not suited to be used alone in this connection, as there remained 
a dark residue after evaporation. Sodium hydroxide gave a finely divided 
precipitate of colloidal hydroxides which could not be removed by filter- 
ing. The use of Ca(OH), proved to be as efficacious as the mixture with 
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TABLE IV 

Influence of amount and kind of clarification reagents on the physical proper- 

TIES OF THE RESIDUE FROM EVAPORATION OF A FILTERED ALIQUOT aVd THE 
FINAL COLOR DEVELOPED BY FHENOLDISULPHONIC ACID REAGENT 



Treatment 

Color of resi- 
due BEFORE ADDI- 
TION OF PHENOL- 
DISULPHONIC 
ACID 

Color or 

FINAL 

SOLUTION 

2 cc. of juice made to 100 cc. final volume 
including : 

1. 5 cc. saturated AgS0 4 : 0.5 cc. N CuS0 4 ) 

White 

Black 

Yellow 

Black 

2. 

0.2 gm. Ca(OH), + 0.5 gm. MgCO, j 

5 cc. saturated AgS0 4 

3. 

5 cc. saturated AgS0 4 + 1.0 cc. N CuS0 4 

Green 

Black 

4. 

5 cc. saturated AgS0 4 + 1.0 cc. N CuS0 4 
+ 0.2 gm. Ca(OH), 

White 

Yellow 

5. 

5 cc. saturated AgS0 4 + 1.0 cc. N CuS0 4 
+ 0.4 gm. MgCO, 

Brown 

Black 

6 . 

5 cc. saturated AgS0 4 + 0.5 cc. N CuS0 4 
+ 0.2 gm. Ca(OH), 

White 

Yellow 

7. 

5 cc. saturated Ag80 4 + 0.5 cc. N CuS0 4 

+ 1 cc. 20 per cent. NaOH 

Black 

Black 

8. 

Same as 7, but with 2 cc. 20 per cent. NaOH 

Black 

Black 

9. 

Same as 7, but with 5 cc. 20 per cent. NaOH 

Black 

Black 


MgC0 3 . This substantiates the work of Holtz and Labson, who found 
that the Ca(OH) 2 alone, was sufficient in the clarification. However, it 
was not found that the addition of MgCO s (although it reduced the solu- 
bility of the basic precipitant) influenced the time of evaporation, as 
these workers indicate. 

The use of Ca(OH) 2 alone, to replace the mixture of Ca(OH) 2 and 
MgCO a gave slightly higher results, although the magnitude of this increase 
appears to be within the experimental error of the method (table V). 

TABLE V 

Nitrate nitrogen recovered, using 5 cc. saturated AgSO, and 1.0 cc. N CuSO, with 
0.2 GM. Ca(OH), ALONE AND IN COMBINATION WITH 0.5 OM. MgCO, 


Crop 

(leaves) 

Nitrate nitrogen 


Beagents + Ca(OH), 

+ MgCO, 

Beagents + Ca(OH), 

Difference 

Difference 


ppm . 

ppm . 

ppm . 

per cent . 

Tomato 

371 

386 

+ 15 


tt 

379 

390 

+ 11 

+ 2.9 

Spinach 

140 

147 

+ 7 

+ 5.0 

a, 

144 

148 

+ 4 

+ 2.7 
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From the results it is recommended that 0.2 gram Ca(OH) 2 be used 
in place of the mixture of Ca(OH) s and MgCO s . 

The original procedure recommended by Gilbebt directs that after the 
addition of the clearing reagents the solution shall be heated. It seemed 
possible that the heating would alter the adsorption equilibrium which 
exists between the colloidal precipitate and the nitrates in solution. When 
the solution containing the clearing reagents was allowed to stand for one 
hour at room temperature clarification was as complete as when heated. 
A series of determinations was made to compare recovery of nitrate by the 
two treatments (table VI). 


TABLE YI 

Nitrate nitrogen recovered from juices. Heating after the addition or clearing 

REAGENTS COMPARED WITH ALLOWING TO STAND AT ROOM TEMPERATURE 


Crops (leaves) 

Nitrate nitrogen 

Difference 

Heat 

NO HEAT 

Difference 


ppm. 

ppm. 

ppm. 

per cent. 


227 

231 

+ 4 

+ 1.8 


259 

333 

+ 74 

+ 28.6 

Beet (midribs removed 

323 

398 

+ 75 

+ 23.2 

83 

92 

+ 9 

+ 10.8 


270 

300 

+ 30 

+ 11.1 


229 

291 

+ 62 

+ 27.1 

Cabbage (midribs removed) 

377 

321 

-56 

-14.8 

371 

411 

+ 40 

+ 10.8 


286 

244 

-42 

-14.7 

Celery 

360 

360 

0 

0.0 


85 

103 

+ 18 

+ 21.2 

Mangels (midribs removed) 

94 

85 

- 9 

- 9.6 

Spinach 

125 

140 

+ 15 

+ 12.0 

138 

144 

+ 6 

+ 4.3 


296 

285 

-11 

- 3.7 


379 

393 

+ 14 

+ 3.7 


76 

76 

0 

0.0 


92 

90 

- 2 

- 2.2 

Tomato ~ ~ — 

83 

111 

+ 28 

+ 33.7 


138 

118 

-20 

-14.5 


70 

74 ! 

+ 4 

+ 5.7 


28 

36 

+ 8 

+ 28.6 


353 

366 

+ 13 

+ 3.7 


185 

200 

+ 15 

+ 8.2 

Potassium nitrate solutions ..... — 

185 

199 

+ 14 

+ 7.6 


189** 

195 

+ 6 

+ 3.2 


192 j 

183 

- 9 

- 4.7 

Averages - 



+ 10.6 

+ 6.7 
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The data given in this table indicate that, while the variation in the 
different individual determinations is great, by far the greater number of 
results show a higher value for nitrates when no heat is used in the clarifi- 
cation. Since the heating and cooling of the sample consumed considerable 
time, and the results indicate a less complete recovery of nitrates, it was 
decided to dispense with the heating. 

At times a white precipitate will be formed when the solution contain- 
ing the phenoldisulphonie acid is neutralized with NaOH. This may be 
removed, as can a brown precipitate which is rarely encountered at this 
point by allowing the precipitates to flocculate and filtering. 

Method recommended 

Place in a cheesecloth bag a sample of fresh plant tissue sufficient to 
yield a minimum of 10 cc. of juice, and freeze thoroughly for at least two 
hours. Either an ice-salt bath or solid C0 2 may be used, although the 
latter is preferable. Remove from refrigerating medium, allow to thaw, 
and press at once in any apparatus which will give sufficient mechanical 
pressure. It is best to have arrangements for duplication of this pressure 
on comparative samples. A hydraulic press with pressure gauge is the 
most satisfactory equipment. Collect the expressed juice, which should be 
free from cell residues, and pipette an aliquot (usually 2 cc.) into a volu- 
metric flask (100-cc.). 

To the juice in the flask, add about 20 cc. of nitrate-free distilled water ; 
5 cc. saturated AgS0 4 solution, 1 cc. N CuS0 4 solution, and 0.2 gram finely 
divided C. P. Ca(OH) 2 , shaking after each addition. Shake thoroughly, 
make to volume with nitrate-free distilled water and filter after standing 
at least one hour. Discard first portion of the filtrate. Take a suitable 
aliquot (10 to 50-cc.) of the clear, colorless filtrate, evaporate to dryness 
on a water bath without overheating, and determine nitrate nitrogen by 
the phenoldisulphonie acid method, using NaOH to neutralize the acid 
according to Harper (5). If a precipitate forms at this point, allow to 
flocculate and filter. 

Recovery of added nitrates by the modified method 

The recovery of nitrate nitrogen by the above method was determined 
by adding a known amount of KNOj to the juices of different crops. 
Measured amounts of a standardized solution of KN0 3 were placed in 
evaporating dishes, evaporated to dryness, and the residue dissolved in a 
definite quantity of juice. This procedure obviated any change in the ad- 
sorption relation of the juice caused by dilution (table VTI). 

It : is to be noted that in only three cases does the recovery exceed 1Q0 
per cent. The lowest recovery in the data is 78.1 per cent, and th$ average 
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TABLE VII 

BacevxKY by modified method or nitrate nitrogen added to plant juices 


Crops (leaves) 

Nitrate nitrogen 

Recovery 

Originally 

IN JUICE 

Added to 

JUICE 

Recovered 

IN JUICE 


ppm. 

ppm . 

ppm. 

per cent. 


163 

400 

488 

86.7 


163 

1400 

1538 

98.4 

Beet (midribs removed) 

227 

50 

240 

86.6 

231 

100 

333 

100.6 


231 

200 

398 

92.3 


229 

100 

377 

114.6 


229 

200 

371 

86.5 


291 

100 

321 

82.1 

Cabbage (midribs removed) 

291 

200 

411 

83.7 

230 

50 

229 

81.8 


230 

100 

286 

86.7 


230 

200 

360 

83.7 

Mangels (midribs removed) 

42 

50 

75 

81.5 


30 

400 

353 

82.1 

Spinach 

30 

1000 

822 

79.8 

30 

2000 

1935 

95.3 


76 

25 

90 

89.1 


76 

50 

111 

88.1 


76 

75 

118 

78.1 


214 

50 

233 

88.3 

Tomatoes 

214 

100 

296 

94.3 


214 

200 

379 

91.5 


270 

100 

390 

105.4 


270 

200 

448 

95.3 


270 

250 

513 

98.7 

Average 




90.05 


of 25 results is 90.05 per cent. This average recovery equals that of Holtz 
and Labson (7) in one of their two trials. 


Comparisc|t of the two methods 

When the Gilbert method #as compared with the procedure outlined 
above the differences found were not consistent but were too great in some 
instances to be disregarded (table VIII) . 

The discrepancies may be attributed in part to the fact that the grind* 
ing of the sample did not accomplish a complete maceration of all the 
plant cells, and that probably in many cases the juice secured was not a 
representative aliquot of the juice of the plant as a whole. As has been 
mentioned previously, many workers have found that the juice obtained 
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TABLE VIII 

Nitrate nitrogen determined by the Gilbert method compared with that by the 

RECOMMENDED MODIFICATIONS 


Crop (leaves) 

Nitbate nitrogen 

Difference 

Gilbert 

METHOD 

Modified 

METHOD 

Difference 


ppm. 

ppm. 

ppm . 

per cent . 


690 

667 

- 23 

- 3.3 


641 

757 

+ 116 

>18.1 

Beet (midribs removed) 

116 

92 

- 24 

-20.7 


95 

103 

+ 8 

+ 8.4 


135 

95 

- 40 

-29.6 


148 

112 

- 36 

-24.3 

Cabbage (midribs removed) 

67 

105 

+ 38 

+ 57.0 

Celery 

183 

183 

0 

0.0 

Tomato 

628 

600 

- 28 

- 4.5 


637 

607 

- 30 

- 4.7 


by freezing and pressing the tissue has considerably different physical 
properties from that secured by grinding the tissue and extracting the 
juice under variable pressure. 

In order to demonstrate that the amount of nitrate nitrogen found in 
the juice obtained by the grinding process was not comparable with that 
in the juice obtained when the tissue was frozen, samples of tomato leaves 
and beet leaves (without midribs) were ground as recommended by Gil- 
bert. After extracting the juice which could be expressed by hand pres- 
sure, and centrifuging, the nitrate nitrogen was determined by the modi- 
fied method. The ground residue remaining in the cloth was immediately 
frozen with solid C0 2 , and allowed to stand overnight in the frozen state. 
Sixteen hours later this residue was thawed, pressed at once in the hy- 
draulic press, centrifuged, and the nitrate nitrogen determined in the juice 
in the same manner. The averages of two closely agreeing determinations 
are given in each case : 



Leaves 


Crop 

Ground 

NO.-N 

Frozen 

NO,-N 

Difference 

Tomato 

ppm. 

341 

ppm. 

435 

per cent. 

47.8 

tt 


472 

36.3 

tt 

537 

576 

9.5 

Beet (midribs removed) 

310 

411 

97.7 
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It is evident that the discrepancies noted in table Till may be at- 
tributed in part, at least, to the differences which may exist in the nitrate 
nitrogen content of the juices obtained by the two procedures. The juice 
obtained when the plant tissue is ground does not seem to be a true aliquot 
of the juice as it exists in the plant, and it is evident that the values ob- 
tained when the juice is secured by freezing will be more nearly correct. 
It is to be noted, however, that in the above experiments the differences 
between the two results are exaggerated, since the removal of a less con- 
centrated aliquot tends to concentrate any fractions which may be removed 
subsequently. Hence the data shown indicate too high values for the 
frozen aliquot. 


Summary 

A considerable number of alterations have been made in the technic of 
estimating nitrate nitrogen in the juice of crop plants as previously recom- 
mended from this laboratory. It is recommended that the plant tissue be 
frozen and pressed after thawing rather than ground and squeezed through 
cloth by hand. The carbon black for decolorization has been omitted, and 
the quantities of reagents used for clearing the juice have been changed. 
A study of the recovery of nitrate nitrogen added to plant juices by the 
new method indicate rather wide variations, with the average of 25 deter- 
minations at 90.05 per cent. 

The author wishes to acknowledge the extremely helpful criticisms of 
Mr. J. B. Smith. 

Bhode Island Agricultural Experiment Station, 

Kingston, B. I. 
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THE EFFECT OF FERTILIZER ON THE QUALITY AND 
KEEPING QUALITY OF WATERMELONS 1 

W. D. Kimbrough 
Introduction 

There is a belief among many people in the South that the quality of 
watermelons is affected by the fertilizer treatment given the soil on which 
the plants are grown. Many people believe that melons from plants fer- 
tilized with nitrate of soda are not sweet. Some believe that when melons, 
which have been fertilized with this source of nitrogen, are eaten, the con- 
sumer is likely to be made ill. The claim is made that melons from plants 
fertilized with nitrate of soda can be detected by taste. Buyers often 
discriminate against melons which have been fertilized with nitrate of 
soda. The reason given is that the melons are likely to have white heart, 
and be of poor quality. 

Manure is generally considered an excellent fertilizer for melons and 
was used almost exclusively while it was cheap and easily obtainable. As 
manure becomes scarcer and more expensive, commercial fertilizer is being 
used more extensively in the melon fields. This makes it important that 
information concerning the influence of fertilizers on watermelons be ob- 
tained. For this reason, an experiment was started at the Alabama Ex- 
periment Station, in 1926, to determine the effect of fertilizer treatment 
on the quality and keeping quality of watermelons. 

Review of literature 

Beattie (1) states that some of the melon growers’ associations of Texas 
prohibit the use of nitrate of soda as a top dressing, as they consider that 
it makes the melons soft and of poor carrying quality. Jones and Rosa 
(2) state that the claim is often made that potassium, applied in manure, 
favorably affects the flavor, quality, or sugar content of watermelons. They 
further say that the literature does not afford any evidence for such belief ; 
but that potassium is a nutrient no doubt profitably applied in some cases. 
Stuckey (3) reports that the results obtained for one year showed that 
the amount or type of white heart could not be attributed to the kind of 
fertilizer used. Unfavorable weather conditions during the fruiting period 
seemed to be the chief cause of white heart. Judged by taste, melons from 
plots receiving different fertilizer treatments gave no indication that the 
quality of melons was influenced by fertilizer treatment. 

i Work on certain phases of this problem is being continued. 
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Procedure and methods 

Watermelons were grown on well drained Norfolk sandy loam. The 
location of plots was changed three out of four years to avoid serious in* 
jury from disease. The first two years the same area was used and the 
plots were 1/40 acre with plants 6 feet apart each way. The third year 
plots were 1/10 acre and the fourth year 1/20 acre with plants 8 feet apart 
each way. Plots were separated by 3-foot alley ways. The third year the 
plots were on new ground, while the other years old land was used that had 
not been fertilized for a number of years. The variety “Wondermelon” 
was grown the first year and “Tom Watson” was grown the other three 
years. Melons were thinned to two to a vine. 

Fertilizer treatments were run in duplicate, while cheek plots received 
no fertilizer. Fertilizer treatments are indicated by N, P, and K or multi- 
ples of these. The explanation of the symbols used is : N = 200 pounds of 
nitrate of soda, or equivalent per acre; P = 400 pounds of superphosphate 
per acre; K = 50 pounds of muriate of potash or equivalent per acre. 
Sources of fertilizer named were used unless otherwise stated. All fertili- 
zer, except the nitrate of soda that was applied as top dressings, was ap- 
plied broadcast before planting the first three years, and the fourth year 
it was applied along the rows in strips about four feet wide. Nitrate of 
soda was applied at times varying from entire application before planting 
to as many as four top dressings during the season. Nitrate of soda was 
not applied in amounts exceeding the rate of 200 pounds per acre or less 
than 100 pounds per acre at one application. Top dressings of nitrate of 
soda were applied to some plots after many melons were approximately 
half grown. Fertilizer applications were so varied in rate and sources, 
and in the time of application of nitrate of soda, that if fertilizer treat- 
ment affects the quality or keeping quality of melons this should have been 
true of melons produced in this experiment. 

Quality was determined by taste and by determining the sugar and 
moisture content of the edible portion of melons. Judged by looks, only 
melons that were ripe and in good condition were sampled. In taking 
samples for analysis a portion of the melon extending from the rind to the 
center of the heart was freed of seed and ground in a food chopper. Sam- 
ples for sugar determinations were preserved in alcohol in the usual way* 
Individual melons from a plot were sampled, rather than taking a sample 
from a group of melons. Only melons 'Weighing 20 pounds or more were 
sampled for analysis. ... 

Moisture content was determined by drying thoroughly mixed samples 
of material to constant weight in a vacuum oven at 80 s O. and 26 inches 
of mercury. Reducing sugars were determined and expressed as glu- 
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cose, and total sugars as invert sugar. Inversion was brought about by 
acid hydrolysis at room temperature. Reducing sugars were determined 
by the Bertrand modification of the Munson and Walker method.* 

Keeping quality was determined by storing melons at room tempera- 
ture and at 35, 40, and 50° F. The storage temperature .range was in 
general 2° F. each way from that given. 

Experimental results 
Effect of fertilizer on plant growth 

The plants showed a marked response in growth to the applications of 
fertilizer. Check plots produced plants that grew very slowly, but in some 
cases very good melons were eventually produced. The addition of both 
nitrogen and phosphorus was necessary for good growth, while the addi- 
tion of potash along with these was necessary for best growth. Plants on 
plots receiving 2N made better growth than those on plots receiving IN, 
but the addition of more than 2N made no apparent difference in plant 
growth. The third year of the experiment heavy rains apparently leached 
out nitrate of soda applied before planting to such an extent that plants 
got no benefit from it. Plants on manure plots made good growth but not 
as good as those on plots receiving 2N. Melons were a little earlier on 
manure and cottonseed meal plots than on plots receiving nitrate of soda 
as a source of nitrogen. 

The response in plant growth to fertilizer treatment of the soil showed 
that the materials added were being utilized and indicated that if melons 
could be influenced by fertilizer treatment, this influence should have been 
obtained in melons produced on these plots. 

Effect of fertilizer on quality of watermelons 
No laboratory was available in 1926, so quality of melons was deter- 
mined by taste only. Three watermelon cuttings were held that were par- 
ticipated in by many members of the station staff and a few others. Melons 
from plots receiving different fertilizer treatments were cut and sampled. 
Those tasting the melons did not know the fertilizer treatment of the plots 
on which the melons were grown. The results obtained showed that there 
was apparently as much difference in melons from the same plot as there 
was between melons from plots receiving different fertilizer treatments. 
There was considerable difference of opinion as to which melons were best 
* Sugar content of the juice from the edible portion of several melons was deter- 
mined with a Bribe hydrometer and compared with the sugar content of the edible portion 
determined by the Bertrand modification of the Munson and Walker method. The 
average of determinations from nine melons showed that the Brix hydrometer method 
was about 1 per cent, higher than the other method. 
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but there was good agreement as to whieh melons were good, which were 
medium, and which were only fair in quality. Melons of good quality were 
produced from all treatments. The results of the watermelon cuttings 
indicated that the source of fertilizer did not materially influence the taste 
of the melons. After the tasting was over many ate large quantities of 
melons, including those that had been heavily fertilized with nitrate of 
soda, but no one became ill. During the period of four years, there was 
no report of melons from any plot being injurious to the consumer. ' 

TABLE I 

DISTURB AMS SUGAR CONTENT Of WATERMELONS FROM PLOTS RECEIVING DIFFERENT FERTILIZES 

TREATMENTS IN 1927 



Moisture 

Sugar— fresh weight 

Fertilizer 

TREATMENT 





niMi .. ii. ^ 


Individual 

MELONS 


xGEDUO 

ING 

| X vrxii AO AIM VJQiXW A 

Average 

Individual I 

MELONS 

Average 

Individual 

MELONS 

Average 

Check 

per cent . 
90.26 
90.54 
90.71 

per cent 

90.50 

per cent 
3.95 

4.90 

4.63 

per cent 

4.49 

per cent 
8.95 

7.98 

7.73 

per cent 

8.05 

NP 

89.79 

91.43 

90.61 

4.47 

4.40 

4.58 

8.69 

7.30 

8.00 

NPK 

90.44 

90.84 

90.64 

4.98 

5.00 

4.99 

8.11 

7.89 

8.00 

NPK (N from 
urea) 

90.44 


5.10 

4.59 

4.84 

8.00 

7.90 

7.95 

NPK (K from 
K,SO<) 

90.27 


5.18 

4.57 

4.87 j 

8.35 

8.21 

8.28 

2N2P2K 

90.33 

90.04 

* 

90.18 

4.53 

3.93 

4.23 

8.18 

8.10 

8.14 

3N2P2K 

89.93 

91.20 

90.56 

5.45 

4.53 

i 

4.99 

8.40 

7.34 

7.87 

2NP2K 

90.15 

: 

4.31 

5.31 

4.81 

8.18 

8.17 

8.17 

N2P2K 

90.56 


4.88 


8.22 
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The last three years of the work a laboratory was available and deter- 
minations were made to find the effect of fertilizer treatment on the 
moisture and sugar content of watermelons. At the time samples for 
analysis were taken the melons were tasted for quality by the writer and at 
least one assistant.* In general, the quality of melons judged by taste , 
varied directly with the sugar content. 

TABLE II 

Moistuxe and sugar content or WATERMELONS from plots receiving different 
FERTILIZER TREATMENTS IN 1928 



Moisture 

Sugar — -fresh weight 

Fertilizer 

TREATMENT 








Individual 

melons 


JS-JSDUCJ 

[NG 

X Ul'Aii AO in VJUVA' 

Average 

Individual 

Average 

Individual 

Average 




melons 

MELONS 



per cent. 

per cent. 

per cent. 

per cent . 

per cent. 

per oenU 


89.68 


3.68 


8.47 



90.10 


3.77 


8.15 



90.56 


3.59 


7.80 


Manure (rate of 

90.74 


3.77 


7.60 


7.5 tons per acre) 

91.39 


4.05 


7.12 


91.63 


4.45 


6.99 



92.12 

90.89 

4.35 

3.95 

6.63 

7.52 


89.78 


5.19 


8.27 



90.20 


3.90 


7.91 



90.49 


4.09 


7.90 


NPK 

90.51 


4.42 


7.90 


90.55 


4.36 


7.82 



91.78 


4.79 


6.77 



92.44 

90.82 

4.59 

4.48 

6.17 

7.54 


89.52 


4.58 


8.53 



89.52 


4.26 


8.37 



89.91 


3.94 


8.30 


4N2P2K 

90.38 

90.51 


4.31 

3.86 


7.78 

7.61 



90.80 


4.45 


7.48 



91.38 

90.37 

4.99 

4.33 

7.11 

7.88 


89.71 


4.36 


8.47 


3N2P2K 

89.92 

90.77 

90.13 

4.58 

4.45 

4.46 

8.29 

7.57 

8.11 


90.28 


4.36 


7.89 



90.65 


4.59 


7.77 


2N2P2K 

90.41 


4.45 


7.47 



91.92 

00.81 

4.72 

4.70 

6.55 

7,42 


s After ft number of melons it wfcs difficult to make fine distinctions in 

quality. 
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Results of analyses are given on individual melons as well as averages. 
This is done in order that the actual variation in the melons may be seen. 

In this way the relation between moisture content and sugar content is 

TABLE in 

Moisture and sugar content or watermelons from plots receiving different fertilizer 

TREATMENT IN 1929 
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also clearly shown. The results secured in the different years are pre- 
sented separately because of seasonal differences and differences in fertilizer 
treatments. Besults are presented only from those plots that received fer- 
tilizer treatments most likely to affect the melons. The most important . 
comparisons are between melons from the heavily nitrated plots and those . 
from check plots, manure plots, and plots receiving cottonseed meal as a 
source of nitrogen. Besults are given in tables I, II, and III. 

The data in tables I, II, and III show that melons having high sugar 
content were obtained regardless of the fertilizer treatment. Melons from 
plots receiving heavy application of nitrate of soda had as high sugar con- 
tent as melons from check, manure, and cottonseed meal plots. The rate 
or time of application of nitrate had no appreciable effect on sugar con- 
tent. Potash fertilizers had no apparent influence on the sweetness of 
melons. There was approximately as much variation in moisture and 
sugar content in melons receiving the same fertilizer treatment as in melons 
from plots receiving different fertilizer treatment. 

The consistency of the inverse relationship of sugar and moisture con- 
tent is interesting. The sum obtained by adding the percentage of 
moisture and of sugar is almost constant. 


Effect of fertilizer treatment on the keeping quality 

OF WATERMELONS 

The first two years of the experiment melons from plots receiving dif- 
ferent fertilizer treatments were kept at room temperature. No apparent 
difference in keeping quality due to fertilizer treatment was found. 
Melons were kept as long as six weeks without rotting, but when cut the 
flavor was such that they were not eatable. 

Sugar and moisture content of a few melons that had been stored at 
room temperature, were determined. The results obtained from melons 
that had been stored for 14 and 18 days respectively are shown in table IV. 

If tables IV and I are compared it will be seen that there was a con- 
sistent decrease in sugar content and an increase in moisture content in the 
stored melons. The average moisture and sugar contents of similar melons 
sampled the days of harvest and after being held at room temperature for 
14 and 18 days respectively are shown in table V. 

Melons cut after being kept from one to three weeks at room tempera- 
ture seemed redder in color and had thinner rinds than melons cut imme- 
diately after harvest. This might indicate that melons continue to ripen 
after harvest but the quality of the melons cut the day of harvest was better 
than that of melons kept at room temperature for several days after harvest. 
The sugar content has been shown to be decreased when melons are kept at 
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TABLE IY 

HOI STOKE AND BUGAS CONTENT or MELONS KEPT AT BOOM TEMPERATURE 


Fertilizer 

TREATMENT 

Sampled 14 days after harvest 

Sampled 18 pays after harvest 

Moisture 

Sugar 

Moisture 

< Sugar 

Seducing 

Total as 

INVERT 

Seducing 

Total as 

INVEST 


per cent . 

per cent . 

per cent . 

per cent 

per cent . 

per cent 

Cheek 

90.79 

3.28 

7.48 

91.09 

3.37 

7.31 

NPK - 

90.85 

3.36 

7.15 

92.13 

3.21 

6.39 

N2P2K 

91.22 

3.41 

7.20 

91.53 

3.41 

6.94 

2N2P2K ' 

91.69 

2.84 

6.65 

91.93 

3.36 

6.65 

8NPK 

91.81 

3.80 

6.52 

92.00 

2.71 

6.60 

3N3P3K 

91.68 

3.80 

6.82 




2NP2K 

91.09 

2.89 

7.19 




3N2P2K 

91.35 

3.80 

6.82 





room temperature, so it is doubtful if melons ever get sweeter after they 
are harvested. The increase in moisture content shown in table V is not 
large, but it evidently occurs. The loss of moisture due to transpiration 
is not enough to balance the loss in sugar content plus the moisture formed 
in the respiratory process. 

TABLE V 

Comparison or average moisture and sugar content in melons sampled the day or 

HARVEST AND MELONS KEPT AT BOOM TEMPERATURE 


Time of sampling 

Moisture 

S 

Seducing 

UGAR 

Total as 

INVERT 

Decrease in 
sugar 

CONTENT 

* 

per cent . 

percent 

per cent 

per cent 

Day of harvest - 

90.47 

5.09 

. 8.03 


14 days after harvest 

91.31 

3.82 

6.95 

13.45 

Day of harvest 

90.69 

4.47 

8.20 


18 days after harvest .. — 

91.78 

3.21 

6.77 

17.44 
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In 1928 and 1929 melons were stored at temperatures of 35, 40, and 
50° P. There was no apparent difference in keeping quality due to fertil- 
izer treatment. 4 The lower the temperature the better the melons kept. 
Melons kept for two months at 35° F., however, were in bad condition in- 
ternally even though they seemed in fair condition externally. It seems 
that in order to store melons for long periods a temperature below 35° F. 
is necessary. 

TABLE VI 

Moisture and sugar content or melons stored at 40° F. ros one month 


Fertilizer 

TREATMENT 

Moisture 

Sugar — fresh weight 

Reducing 

Total as invert 


per cent . 

per cent . 

per cent . 

Manure 

90.09 

3.18 

8.13 


90.60 

2.59 

7.69 


91.19 

2.87 

7.23 

2N2P2K 

90.22 

2.80 

7.89 


90.51 

2.97 

7.78 


90.81 

3.19 

7.48 


TABLE YII 

Moisture and suoar content or melons stored at 35° F. for one month 


Fertilizer 

treatment 

Moisture 

Sugar — fresh weight 

Reducing 

Total as invert 


per cent . 

per cent . 

per cent . 

Manure 

90.61 

2.42 

7.58 

2N2P2K 

M 1 1 

3.31 

8.13 



4.37 

6.44 

3N2P2K 

1 

89.80 

3.25 

8.09 


91.41 

I 

4.25 

6.95 

PNK 

89.93 

2.92 

8.08 


90.50 

2.33 

7.69 

Check 

89.27 

3.33 

8.62 


90.58 

3.90 

7.64 


90.68 

3.11 

7.53 


4 la 1028, symbols indicating the fertiliser treatment of the plot from which the 
melon came were scratched on the melons. This proved a means of entrance for decay 
organisms. 
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Moisture and sugar contents of some melons stored for a month at 35° F. 
and 40° F. respectively were determined. Results obtained are shown in 
tables VI and VII. These tables show that there is probably very little 
difference in the moisture and sugar content of the stored melons and 
freshly harvested melons, except that the reducing sugars are apparently 
decreased slightly. In storage, part of the reducing sugars seem to be 
changed to non-reducing sugars. When cut after removal from storage, 
the melons were lighter red than melons kept at room temperature; 

Effect of febthizeb on white heabt in melons 
Due to the limited number of melons during the first two years that 
the experiment was conducted there was no special cutting of melons to 
examine for white heart. Most of the melons produced were cut for va- 
rious reasons, however, and no white hearted melons were noted. 


TABLE VIII 

Melons examined roa white heart and percentage pound in 1928 


Fertilizes 

TREATMENT 

Number or melons 

EXAMINED 

Number with 

WHITE HEART 

White hearted melons 

Check . . 

35 

3 

per cent . 

8.6 

2P2K . 

10 

0 

0.0 

N2P2K 

57 

3 

4.9 

2N2P2K . 

99 

13 

13.1 

3N2P2K 

S3 

8 

9.7 

4N2P2K 

72 

5 

7.0 

Manure 

57 

7 

12.3 


TABLE IX 

Melons examined toe white heart and percentage found in 1929 


Fertilizer 

treatment 

Number or melons 

EXAMINED 

Number with 

WHITE HEART 

White hearted 

MELONS 




per cent . 

Check 

A 30 

6 

20.0 

NP2K 

33 

5 

15.1 

N2P2K 

31 

2 

6.5 

2N2P2K 

25 

1 

4.0 

2N2P4K 

54 

9 

16.7 

2N2P4K (K from 




K*SOi) 

81 

3 

9.7 

2N2P4K (N from 




cottonseed meal .. 

n 

2 

9.5 

Manure . — 

't 2 7 

5 

14.8 • 

* 
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The last two years, 1928 and 1929, a number of melons from plots re- 
ceiving different fertilizer treatments was examined for white heart. 
Melons having a distinct white streak in the middle and otherwise ripe, 
were considered to have white heart. The results obtained are shown in 
tables VIII and IX. 

There does not seem to be any correlation between fertilizer treatment 
and white heart in melons. There was no higher percentage of melons with 
white heart from plots receiving heavy applications of nitrate of soda than 
from plots receiving manure or from the no fertilizer plots. The fertilizer 
treatment seems to have little, if any, effect on the production of white 
heart in melons. Most of the white hearted melons were found late in the 
season when unfavorable climatic conditions or disease had injured the 
vines. 

Discussion 

The results of four years work on the effect of fertilizer treatment on the 
quality and keeping quality of watermelons have been presented. The sea- 
sons have been variable enough to cover quite a range of climatic condi- 
tions. Three different plot areas were used and while all were of a light 
sandy nature, and well drained, they were somewhat variable. The re- 
sponse in plant growth to the fertilizer applied was usually striking, and 
showed that the plant was making use of the fertilizer. Especial emphasis 
was placed on the effect of nitrate of soda on the water-melons and this was 
applied at such varying rates and times that the effect, if any, should have 
been detected. Quality of melons was determined by taste and by analysis 
for moisture and sugar contents of the edible portion. Melons from heavily 
nitrated plots were compared especially with melons from check plots, 
manure plots, and plots receiving cottonseed meal as a source of nitrogen. 
The moisture and sugar contents of 175 individual melons were deter- 
mined over a period of three years. Melons were stored at room tempera- 
ture and in cold storage rooms at temperatures of 35, 40, and 50° F. to 
determine keeping qualities. 

The data presented show no apparent difference in the quality of melons 
due to fertilizer treatment. The sugar content of melons varied as much 
between melons of the same treatment as those of different treatments. 
Melons from plots receiving heavy applications of nitrate of soda and ap- 
plications late in the season had as high sugar content as melons from 
manure, cottonseed meal, or check plots. Potash fertilizers did not increase 
the sugar content. Melons from plots receiving nitrate of soda did not 
cause sickness when eaten. There was no indication that white heart in 
watermelons was correlated with fertilizer treatment. 'White heart was 
not usually found unless dry weather or disease had injured the vines. 
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There was no indication that fertilizer treatment of plants affected the 
keeping of the melons. 

In general* quality, determined by taste, agreed very well with the 
sugar content, the better quality melons having the higher sugar content. 
Sugar and moisture content varied inversely. The sugar and moisture con* 
tent relationship was such, in fact, that moisture content will give a fair 
estimate of sugar content. 

Melons kept at room temperature for periods of one to nearly three 
weeks showed consistently a slight increase in moisture content and a de- 
crease in sugar content. The decrease in sugar content is largely in the 
reducing sugar. The rapid decrease in sugar content in melons at room 
temperature is a partial explanation of the difference between shipped and 
home grown melons which are eaten soon after harvest The rapid de- 
crease in sugar at room temperature is also further evidence that the sup- 
posed ripening of melons which are kept for several days in order to im- 
prove them does not occur. The Tom Watson melon is" not generally 
praised because of its sweetness, but many melons of this variety were 
found to have a high sugar content. 

Summary 

1. On sandy soil no apparent influence of fertilizer treatment on quality 
of watermelons was found. 

(a) Nitrate of soda did not prevent melons from having a high sugar 
content and being sweet. 

(b) Potash did not increase the sugar content. 

2. The edible portion of the watermelon is about 98 per cent, sugar 
and water. The moisture and sugar content vary inversely with each 
other. 

3. After harvest the sugar content of melons kept at room temperature 
decreases rather rapidly. 

4. Moisture content may increase slightly in melons kept at room tem- 
perature. 

5. No effect of fertilizer treatment on keeping quality of watermelons 
was found. 

6. Temperature as low as 35° F. was not effective for keeping melons 
in good condition for much over a month. 

7. No correlation between fertilizer treatment and white heart in melons 
was found. 

8. White heart seems to be caused by unfavorable climatic conditions or 
disease injury to the vines. * 

Department or Horticulture, 

Aiamsi Experiment Station. 
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the Essential nature of boron to the growth and 

FRUITING OF THE TOMATO 

Earl S. Johnston and Paul L. Fishrr 
(with three figures) 

A question that frequently arises in connection with elements regarded 
necessary for plant growth is whether or not a particular element is an 
essential plant food or merely a stimulating substance. Is its tole that 
of a catalyzer, or is it actually incorporated into the tissues as an integral 
part of the plant f These questions are more applicable to such elements 
as manganese, copper, zinc and boron than to nitrogen, phosphorus and 
potassium, which have been recognized for many years as essential nutrient 
units. The elements of both groups have at times been considered toxic, 
at others as stimulating. Here again confusion exists, for the question of 
toxicity seems to depend upon circumstances. Thus Brenchlet (1) points 
out that “Typical nutrient salts are toxic when they are applied singly to 
the plant in certain concentrations, the toxic power decreasing and the 
nutritive function coming into play more fully on the addition of other 
nutrient salts.” Some elements which are toxic in high concentrations 
contribute to increased plant growth when their solutions are properly 
diluted. It is apparent then that no sharp distinction can be drawn be- 
tween toxic elements, and nutrient elements, or stimulating elements if 
such exist. The distinction is a question rather of quantity than of kind, 
which should be considered in connection with other factors such as the 
presence of other elements. Brenchlet (1) has divided the class of ele- 
ments that are toxic in high concentrations into two groups: “(1) Those 
that apparently become indifferent in high dilutions and never produce any 
increase in plant growth; (2) Those that are either essential for growth, 
or at least cause increased development, when applied in sufficiently small 
quantities. The former group may be legitimately regarded as toxins; the 
latter presents more difficulty and even now their function is not settled. 
It is not clear whether they stimulate the protoplasm or in some way 
hasten the metabolic processes in the plant, whether they help roots in 
their absorbent work, or whether they are simple nutrients needed only in 
infinitesimal quantities.” 

Boron without a doubt belongs in the second group. Its role in the 
plant is not known although several investigators have shown that its pres- 
ence is essential for the normal growth of many plants. Warington (7) 
states,. “The fact that boron can be detected in the stem, leaves, and pods 
of the broad bean implies that the element becomes distributed throughout 
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the plant after absorption ; and, further, the need for the supply of boron 
to be maintained during the life of the plant indicates that the initial re- 
serve of the element in the seed is insufficient for the needs of the plant, 
and that it is in some way fixed and not in a state of circulation.” If this 
be true it would then appear that boron does not act in the capacity of a 
catalizer, but that its role is similar, though to a much less extent, to those 
of other elements classified as essential. 

‘‘The old ‘nutrients’,” as Bkenchley (1) states, “had certain 'definite 
characters in common, in that they were essential to plant growth, the 
growth being in a great degree proportional to the supply, a relatively large 
amount of the nutrients being not only tolerated but necessary.” Evidence 



Fia. 1. Tomato plants grown in similar nutrient solutions to which different 
amounts of boron as boric acid had been added. (Left to right: 0.0; 0.22; 0.11; 0.55; 
2.75 ppm. respectively.) 

has been presented by Johnston and Dobs (5) whieh shows the possibility 
of a quantitative relationship existing between the amount of growth and 
the amount of boron present in the nutrient media. Further evidence was 
found in the growth of tomato plants reported by Newell (0) and illus- 
trated in figure 1. An increase in concentration of boron from 0.55 ppm. to 
2.75 ppm. produced a slight decrease in height in most cases. For concen- 
trations below 0.55 ppm., with the possible exception of 0.11 ppm., a sharp 
decrease in height was evident. In general, these same relations also held 
for the green and dry weights. 

Evidence is presented in the present paper which indicates the necessity 
for an available afid constant source of boron supply in ordefr that good 
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growth may be maintained throughout the life cycle of the tomato plant. 
Prior to these experiments it was thought that a sufficient quantity of boron, 
which is needed in almost infinitesimal amounts, might possibly be absorbed 
during the early stages of growth to amply supply the needs of the plant 
through the later or fruiting stage. The work of Gericke (3, 4 ) and of 
Brenchley (2) indicates that this is true for some of the recognized nutri- 



Fio. 2. Tomato plants grown in similar nutrient solutions to blossoming, at which 
time the plant on the right was changed to a boron deficient solution. 

ent elements in the case of wheat and barley. An experiment was carried 
out to ascertain the necessity of a continuous boron supply for the tomato’ 
plant. 

Forty Marglobe tomato seedlings were set out in one-gallon culture jars, 
one plant per each jar, and supplied with a nutrient solution of the follow- 
ing volume-molecular concentration : 
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son 


Ca(NO,)* 0.005 

MgS0 4 0.002 

KHjPO* 0.002 


To this general nutrient solution manganese as MnS0 4 was added at the 
. rate of 1 ppm. and boron as H g BO, at the rate of 0.5 ppm. While the plants 
were young ferric tartrate (0.5 per cent, solution) was added daily at the 



Fig. 3. Hark dead areas appear on the fruit of tomato plants grown in boron 
deficient solutions during the fruiting phase of growth. 

rate of a cubic centimeter per liter of nutrient solution. After the roots 
were well developed the iron. Was added less frequently. The experiment 
was started on October 9, 1929. All the plants used were healthy and of 

uniform size and continued to remain so under similar treatments. 

* 

In the above solution and under similar greenhouse conditions the plants 
were grown until December 6. At this date three-fourths of the plants were 
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in blossom. These cultures were then divided into two groups and the solu- 
tions renewed* , Group A plants were placed in a boron deficient solution 
while the solution of group B plants contained 0.5 ppm. boron the same as 
the original solution of all the plants. The average stem heights (usually 
taken at weekly intervals) for the two groups are given in table I. This 

TABLE I 

Data showing total stem height and green and dry weights or tomato plants, 

EXPRESSED AS THE AVERAGE PER PLANT PER EACH GROUP 


Date of observation 

Group A* 

Group B 

1919 

cm . 

cm. 

October 17 

2.5 

2.4 

“ 24 

5.0 

4.6 

“ 31 

7.4 

7.3 

November 7 

13.7 

14.0 

“ 14 

23.5 

24.3 

“ 22 

39.5 

42.3 

“ 29 

49.7 

52.9 

December 7 

56.2 

59.1 

“ 16 

63.5 

66.5 

‘ < 22 

81.1 

87.1 

“ 29 

82.2 

90.8 

19S0 



January 3 

82.7 

99.8 

“ 17 

82.2 

101.3 


gm . 

gm. 

Green weight: 



Tops 

143.3 

146.3 

Roots 

52.5 

59.2 

Total 

195.8 

205.5 


gm. 

gm. 

Dry weight: 



Tops 

16.8 

19.5 

Roots 

4.3 

5.4 

Total 

21.1 

24.9 


* On December 6, plants in group A were changed to a boron deficient solution 
while those of group B were changed to a similar solution to which boron was added 
(0.5 ppm.). 


table also shows the average green and dry weights of the plants at the end 
of the experiment, January 17, 1930. It is to be noted that approximately 
two weeks after group A plants were changed to a boron deficient solution 
their stem-height growth began to fall off. Furthermore, the tops turned 
yellow and died in a manner similar to plants showing boron deficiency 
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symptoms at an earlier growth stage. The characteristic stem brittleness 
also made its appearance. The general appearance o£ representative plants 
of the two groups is shown in figure 2. 

One of the interesting features of this experiment was the effect of a 
boron deficient solution on fruit setting and the characteristic appearance of 
such fruit that did develop. Approximately four times as many fruits set 
on the plants of group £ as on those of group A. Fruits of the latter group 
were covered with darkened or dead areas which were apparently due to the 
breaking down of the cells making up this tissue. These dead areas were 
somewhat similar to those occurring on tomatoes injured by blossom end rot, 
with one exception however ; the dead tissue did not necessarily begin at the 
blossom end of the fruit, but was scattered over the entire surface in a hap- 
hazard maimer. While there was a certain similarity to blossom end rot yet 
the boron deficient symptom was quite different and distinct. The general 
appearance of representative fruits from a plant of group A is shown in 
figure 3. 

It thus appears that for the tomato plant a constant source of boron is 
necessary for its normal growth, the setting of its fruit, and the develop- 
ment of its fruit. Boron is apparently fixed in plant tissues and cannot be 
used over and over again. It is equally important in the vegetative and the 
fruiting phases of growth. Boron appears to function as a simple nutrient 
element needed in. extremely minute quantities. 

LABORATORY Or PLANT PHYSIOLOGY, 

University or Maryland. 
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ACCUMULATED IRON IN THE NODES OF CORN PLANTS 1 

J. D. Saybe 
(with one plate) 

Hoffeb and his colleagues (1, 2, 3) reported on the accumulation of iron 
in corn plants and suggested that this had a relation to the problem of root 
rots. Hoffeb (4, 5) also suggested a relation between iron accumulation 
and potash deficiency, and that simple colorimetric tests for accumulated 
iron could be used to indicate potash needs. Welton, Morris and Gerdel 
(8) did not find the relation between accumulated iron and potash deficiency 
close enough to permit using such tests to indicate need for potash fertil- 
izer. Salter and Ames (7) found a considerable variation in the per- 
centage of total iron in the nodal tissues among individual corn plants. 
They found little or no relation between such quantitative determinations 
of total iron and the results of the colorimetric tests used by Hoffeb. Hof- 
fer and Carr (1) state that the accumulated iron occurs in the phloem of 
the vascular bundles. 

This report is an attempt to find out more fully the form or kind of iron 
and its place of occurrence in the corn plant. No attempt is made to corre- 
late iron accumulation with any mineral nutrient deficiencies. 

Material and methods 

The corn plants used in these investigations were of such varieties as 
happened to be growing under conditions where iron accumulation was 
high. Some plants from the vicinity of Wooster were used but usually had 
too little iron accumulation to be satisfactory. Corn from southwestern 
Ohio and from the muck lands at Lodi, Ohio, constituted the best material 
obtainable. Plants which were “fired” usually had the largest iron accu- 
mulations, but occasional plants without this symptom would contain a 
considerable amount. Discoloration of the nodal tissues served as a good 
preliminary indicator of iron accumulation, but was riot infallible, as not 
all such discoloration is due to iron. 

In addition to gross tests on the split stalks, the iron accumulations were 
studied microscopically, both in cut sections of the fresh stalks and in dried, 
pulverized nodal tissues. The sections were cut free hand with an iron-free 
knife. The dried tissue examined was first pulverized and passed over a 

1 Research cooperative between the Office of Cereal Crops and Diseases of the Bureau 
of Plant Industry, U. S. Department of Agriculture, Washington, D. C., and the Depart- 
ments of Botany and of Agronomy of the Ohio Agricultural Experiment Station, 
Wooster, Ohio. 
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300 mesh sieve. The fine material passing this sieve contained the iron ac- 
cumulations freed from much of the surrounding tissues. 

The potassium ferrocyanide, K 4 Fe(CN) # , and potassium ferricyanide, 
K,Fe(CN)„, tests given by Klein (6) were used. These tests are specific 
for iron, the one (K 4 Fe(CN) g ) testing for ferric, and the other 
' (KjFe(CN)*) for ferrous iron. The blue products formed do not diffuse 
readily through the tissue and thus show very well the localization of the 
iron. The tests are more or less permanent if the mounts are properly 
prepared. Hoppes and Cabs (2) used the potassium thiocyanate (KCNS) 
test for iron in their work. This test is very sensitive and is specific for 
ferric iron. The ferric thiocyanate (FeCNS) formed in the test is soluble 
however, and soon diffuses throughout the tissue so that localization can 
not be determined. Furthermore it shows the presence of ferric iron only. 
For these reasons it was used only occasionally to check the results of the 
other methods. 

None of these tests show the presence of masked or organic iron, but are 
for the free or inorganic forms, the only kind here considered. 

Observations on accumulated iron 

Iron occurs in different amounts in different plants. Very few plants 
were found which did not show a trace of iron at some of the nodes. There 
was a variation in the amount of iron at the different nodes of a single plant, 
the amount usually being largest at the ear node. The accumulated iron 
was found only at the nodal plate, where the veins anastomose and extend 
into the leaf sheath. 

Under the microscope it was found that the iron occurs in the cells of 
the bundle sheath and in the first layers of pith cells around the bundle. In 
no case was accumulated iron found in the conducting elements of the bun- 
dles. This fact is best shown by watching the section under the microscope 
as the test is applied. In plants which had very little accumulated iron at 
the nodes, microscopical examination of a thin section of the tissue before 
treatment with potassium ferrocyanide revealed minute granules in those 
cells where iron accumulates. These granules were shown to be iron or to 
contain iron, by their reaction as they came into contact with the test solu- 
tions. Where the irbn occurs in larger amounts, the cells are found to con- 
tain either large irregular masses, which are red to reddish brown in color, 
or crystals which are red in color, or both. These masses and crystals gave 
the reaction for iron. 

. After standing for some time in the reagents, the masses and crystals 
disappear, but the bine color indicative of iron remains, diffusing through- 
out the containing cells. The blue substance which is formed in the reac- 
tion, however, does not diffuse through the cell wall, but eventually may be 
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adsorbed by the cell wall, the cell contents becoming colorless. Plate III, 
figures 1 and 2 show photo-micrographs of cross sections of a node of a corn 
plant having a large accumulation of iron. The sections are of the fresh 
corn stem mounted in water only, not stained for iron. The dark spots sur- 
rounding the bundles are the crystals and masses. 

The crystals and masses test equally well for ferric or for ferrous iron. 
The masses are often as large as 30 p and the crystals may be as large as 
14-16 p. The cells containing them are 60-80 p in diameter. 

Optical properties of the crystals and masses , 

The crystals and masses are isotropic; they are dark under polarized 
light in all positions, and remain so as the stage of the microscope is rotated. 
They therefore belong to the cubic crystal system. The refractive index 
was determined from material separated from dried, pulverized nodal tissue 
as already described. This material contained relatively few of the masses 
and crystals but enough to permit determining their refractive index by 
means of immersion oils. The refractive index of the crystals was 1.59 and 
that of the masses somewhat lower, 1.57-1.58. The crystals may be square, 
rectangular, or hexagonal in outline and cubic or octahedral in form (plate 
III, figures 3, 4, 5, 6). 

Behavior of the crystals and masses with solvents 

No solvent has been found which will entirely remove the iron from the 
tissue. The crystals disappeared in dilute acids and alkalies, in hot alcohol, 
in hot w r ater, even in alcohol and glycerine in the cold after several days. 
The tissue which had been treated with these solvents still gave a very good 
test for iron, but only in those cells in which iron ordinarily occurs. Only 
a trace of iron could be removed by extraction with hot alcohol in a Soxhlet 
extractor for 20 hours. The explanation of this behavior seems to be that 
the substances are largely dispersed rather than dissolved. Concentrated 
acids and alkalies destroyed the crystals and also the whole tissue. The 
crystals and masses remained unaltered in tissue dried at ordinary tem- 
peratures. 

Conclusion 

A careful search of the literature failed to reveal a record of any com- 
pound of iron having the properties of these crystals and masses as detailed 
above. The problem was taken to Professor W. 6 . McCaughey, mineralo- 
gist of the Ohio State University, for advice. It was concluded that it is 
not a simple compound of iron, but probably a mixture or solid solution 
containing a compound of iron. The crystal itself is probably some other 
substance, the host substance, which contains some form of iron mixed with 
it in solid solution. Iron often occurs in this way, especially in organic 
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matter, and a trace of iron may color the host substance deeply, giving the 
appearance of a heavy deposit, or a pure compound of iron. Thus, no real 
measure of the quantity of iron present in such ways can be obtained from 
its color. The oxide and hydroxides of iron are the forms which usually 
occur in this way. 

The properties of the crystals are similar to those of some of the protein 
erystaloids. Much more work would be needed however to permit any con- 
clusions as to the nature of the host substance. 

Summary . 

1. The iron studied in this work occurred only at the nodal plates of 
com stems, and only in the bundle sheath and outer layers of pith cells 
around the bundle. 

2; It accumulates as masses and crystals containing iron, which have 
definite optical and other properties. 

3. The crystals and masses are isotropic. The crystals belong to the 
cubic crystal system, and have a refractive index of n = 1.59. 

4. The iron is present probably not as a simple compound, but as an 
oxide or hydroxide of iron in solid solution in some host substance. The 
properties of the crystals suggest that the host substance may be protein in 
nature. 
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Explanation or Plate III 

Fig. 1. Cross section of node of corn showing iron accumulated around the vascular 
bundles (x60). 

Fig. 2. Cross section of a vascular bundle at the node of corn showing iron accum- 
ulated around the bundle (xllO). 

Fig. 3, 4, 5. Crystals and masses containing iron at the node of the corn stem 
(x 260) . 

Fig. 6. Crystal containing iron at the node of the corn stem (x600). 

All sections unstained, and mounted in water. 
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Plate III 




THE CHEMICAL CHANGES IN PEAS AFTER PICKING 

ZOLTAN I. KKSTBSZ 

(with two figures) 

It is a matter of common knowledge that unfavorable changes occur in 
the flavor of peas after they have been picked from the vine. “Only one 
hour from the field to the can” has become the watchword of the canners 
in their efforts to avoid these changes. It is the object of these studies to 
follow the changes by the determination of certain constituents of the peas. 

It has been established that many parts of plants do not cease respiring 
upon being severed from the rest of the plant. Even though the respira- 
tion may be stopped by drying, if the moisture of the severed part is re- 
stored it will begin again. The investigations of Palladin showed that 
respiration continues even when the cells have been destroyed or killed in 
certain ways. This is called postmortal respiration (8) and an extensive 
literature dealing with it has already come into existence (3). 

The chemical composition of peas at different stages of ripening was 
studied by Boswell ( 4 ). In his experiments it is shown that the total 
sugar content decreases during ripening. The starch content increases 
as does also the proportion of protein nitrogen. These findings are corrobo- 
rated by the work of Lining and Beyer (11) who also demonstrated the 
increase in the proportion of starch and of protein. 

There is, however, little to be found in the literature in regard to changes 
that may take place in peas after picking. Nevertheless, the question is of 
great importance, for in 1928 no less than 195,000 tons of peas were pro- 
duced for canning purposes, and another considerable amount was mar- 
keted without canning. 78 per cent, of the latter were sold in New York 
and Philadelphia (13). Most of these peas must be shipped, involving a 
lapse of one to several days time before they can be placed in the hands of 
the consumer. These market peas, it should be mentioned, are left in the 
pods, and the changes in composition which they undergo are probably 
neither so rapid nor so extensive as those in shelled peas. 

Work has been done on this problem with other plants, for example 
by Rosa (12) and Ivanoff and collaborators (9) on melons, on apples by 
Blackman and Parija (2), etc., but no similar studies have been found 
for peas. They were not even included among the materials examined by 
Benoy (1). She studied the respiration of several vegetables (asparagus, 
lettuce, green beans, okra, green onions) harvested in edible condition, by 
determining the rate of carbon dioxide evolution in the first few hours 
after gathering. In plants where this rate is high to begin with it falls 
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rapidly, as in asparagus. Where the initial rate is moderate or small com- 
pared with the total observed range it falls slowly, and where the initial 
rate is very slight it remains almost constant for the first 25 to 30 hours. 
In her paper Benoy has calculated the amount of glucose corresponding 
to the amount of carbon dioxide produced by certain plants in the first 2 
. to 24 hours. This shows the amount of glucose the plant would have used 
up in respiration if this process had been carried on entirely at the ex- 
pense of glucose present in the plant. Some of these values which will be 
referred to later, are as follows : asparagus, 13.68 ; green beans, 6.32 ; onions, 
4.57 ; tomato, 2.67 gm. per 100 gm. of dry matter. Lasausse, Guerithatjlt 
and Pellerin (10) determined the cellulose, total nitrogen and starch 
content of fresh and dried peas, but no conclusions can be drawn from this 
work regarding the changes in freshly picked peas. 

The flavor of peas, both in pods and shelled, changed decidedly in the 
course of a few hours after picking. Gowen (6, 7) writes that after three 
to four hours the flavor of peas is not as agreeable as of those freshly 
picked and that after eight hours they have become tougher. The ob- 
served changes in the chemical composition of peas are in all probability 
due to the activity of enzymes. From Benoy ’s experiments it may be 
deduced that green peas should be included among the products that show 
a comparatively high respiratory activity. This notion is supported by 
the observation of Gowen that the temperature of peas left for 6-8 hours 
in a box after picking rises some 8 to 10° C. 

The following experiments, which are to be regarded as preliminary, 
are intended to show the character of these changes. Of course, chemical 
analysis can not be expected to give a complete picture of the respiratory 
changes, but the object of these experiments was not to determine the 
amount of carbon dioxide produced, but to follow the changes taking place 
in the composition of the peas after picking. Nevertheless, the data ob- 
tained permit the drawing of certain conclusions regarding respiration. 

Methods and materials 

Samples of unsifted peas (variety “Rogers C”) were picked at nine 
o’clock in the morning, taken to the laboratory, shelled by hand and 
weighed. The work was so arranged that none of the samples were allowed 
to remain in the pods more than one hour,’ and work was begun on them 
within ten to fifteen minutes after shelling. They were distributed into 
samples of about 30 gm. each. Two treatments were used: (1) One group 
of samples was placed in open dishes and left on the laboratory shelves 
for various periods of time. (2) Another group was macerated in a mortar, 
placed in an Erlenmeyer flask with 100 ml. of water containing 3 per cent, 
toluene, and allowed to stand for various periods of time. 
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After the lapse of fixed intervals of time the samples were prepared 
for analysis by boiling with 200 ml. of 95 per cent, alcohol for three minutes, 
allowed to cool, and stored in the refrigerator until the analysis was begun. 

Upon removal from the ice-box the samples were ground, and the whole 
placed in a Soxhlet extraction apparatus and extracted with 500 ml. of 80 
per cent, alcohol for several hours. The extraction was terminated as 
soon as a portion taken from the top of the thimble failed to give the 
Molisch (alpha-naphthol) reaction for sugar. The residue from the ex- 
traction was dried and weighed. 

A 1.5 gram portion was taken for the determination of starch, and two 
0.5 gram portions for the determination of protein nitrogen. 1 Reducing 
sugars, sucrose, and non-protein nitrogen were determined in the extract, 
the sugars by Bertrand’s method. The procedure outlined by Boswell ( 4 ) 
was followed in general. His work indicated the necessity of using boiling 
alcohol to prevent the hydrolysis of sucrose. 

Chemical changes in whole peas 

The data secured on whole peas are contained in table I and figure 1. 
The solid lines show the changes in the peas on the vines and the dotted and 
dashed lines those in the peas during storage under the conditions described. 

The dry matter content of the peas on the vines increases throughout 
the period studied. 

The story of the carbohydrates as told by the chart is probably the most 
important. We can summarize the changes on the vine by saying that the 
sucrose increases rapidly for the first week after the blossoming period, 
remains on a level for a few days, and then decreases rather rapidly. Re- 
ducing sugars remain at a low level throughout, and starch increases 
gradually. The alcohol-insoluble residue which is largely carbohydrate, 
increases at first slowly, then very rapidly. After the peas are removed 
from the vines a different series of changes takes place. There is an im- 
mediate and striking reduction in sucrose in every case. On the other 
hand the reducing sugars and starch remain almost unchanged. The resi- 
due, however, undergoes as striking an increase as the sucrose does a de- 
crease. The chart indicates that the two processes roughly offset each 
other. 

In order to see to what extent this is true, the calculations in table II 
were made. From the per cent, of alcohol-insoluble residue was subtracted 
its protein (N x 6.25) and starch. The remainder is termed “polysac- 
charide” for convenience, although there are no doubt small amounts of 
fat and other substances present. It will be seen that in the first two stages 

i The nitrogen in the 80 per cent, alcohol-insoluble residue is usually called the 
"protein nitrogen," although use of this term is not free from objections. 
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= alcohol-insoluble residue + total sugars + (sol. N x 6.25). 
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TABLE II 

BELATION BETWEEN SUCROSE AND ‘ ‘ POLYSACCHARIDE ’ ’ IN PEAS AFTER REMOVAL 

PROM THE VINES 


No, 

Age 

FROM 

BLOS- 

SOMS 

Time 

AFTER 

PICK- 

ING 

A 

Alcohol- 

insolu- 

ble 

residue 

B 

Poly- 

saccha- 

ride* 

O 

Increase 

in 

POLY- 

SACCHA- 

RIDE 

D 

Decrease 

in 

SUCROSE 

E 

C 

100. F 

1 

days 

6 

days 

0 

per cent. 
7.22 

per cent, 
3.75 

per cent. 

per cent. 


2 


i 

8.87 

5.46 

1.71 

3.10 

55 

3 


1 

10.86 

7.11 

3.36 

4.77 

70 

6 


7 

10.94 

6.84 

3.09 

5.20 

60 

9 

10 

0 

9.66 

4.74 




10 


J 

10.33 

6.02 

1.28 

2.66 

46 

11 


1 

11.80 

7.22 

2.48 

4.06 

59 

12 


2 

11.87 

7.78 

3.04 

5.90 

51 

13 


4 

11.65 

8.18 

3.44 

6.06 

61 

23 

17 

0 

23.25 

11.76 




24 


1 

27.58 

16.30 

4.54 

1.46 

310 

26 


4 

28.12 

16.04 

4.28 

1.80 

240 


* “Polysaccharide ’ ’ = Alcohol-insoluble residue - (protein )- starch). 


the decrease in sucrose can account for a large part of the increase in the 
“polysaccharide” phase of the residue. In the last stage it cannot begin 
to account for it since the increase in “polysaccharide” is three or four 
times as great as the decrease in sucrose. We have no explanation to offer 
for this. Of course, we are merely surmising that the sucrose is converted 
into the “polysaccharide,” since there is no direct proof for it. 

The chief significance in these data is the fact that sucrose is lost so 
quickly after the peas are picked. This partly explains rapid deterioration 
of quality in peas. 

In order to show the changes in composition of peas during growth, 
part of the above data were calculated on a dry matter basis and assembled 
in table III. These are now directly comparable with Boswell’s 
tables ( 4 ). 

In the col umn headed “weight of 100 gm. of original peas” it will be 
seen that by the seventh day after picking the weight is less than that of 
the dry matter present originally.. The moisture content of the stored 
samples could not be determined because of lack of material. This loss in 
material is no doubt due -to respiration, and probably can account for that 
portion ot the sucrose which was not converted into “polysaceharide.” 
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Chemical changes in macerated peas 

In order to obtain some idea of the enzymes which are active in peas, the 
composition was determined of some samples that had been ground and 
had been standing under water for various lengths of time in the presence 
of toluene. These samples had been taken in the manner described above, 
and were of the same size, 30 gm. They were ground at once and covered 
with 100 ml. of water and 3 per cent, of toluene. After the samples had 
stood for stated intervals they were made up with 95 per cent, alcohol to 
80 per cent, of alcohol, placed in the extractors and extracted as has been 
described for tfce other samples. The data are presented in table IV and 
in figure 2. 

From the chart we see that the sucrose and reducing sugars are ih strik- 
ing contrast to their behavior in the whole peas. In the macerated peas 
the decrease in sucrose is accompanied by an increase in reducing sugars. 
This means, no doubt, that sucrose is very active. In the same way, the 
starch decreases, indicating the action of diastase. The protein-non- 
protein ratio also decreases, which must mean that proteases are function- 
ing. The alcohol-insoluble residue shows no appreciable change in the first 
set of samples, and only a slight increase in the second. 

In table V are presented calculations on the relation between the changes 
in sugars and in “polysaccharide” in these samples. The calculations are 
similar to those in table II for whole peas, except that in the present case 
the content of total sugars was considered instead of that of sucrose. The 
results are irregular in trying to account for the decrease in sugars by a 
concomitant increase in “polysaccharide,” but they indicate in the first 
set of samples that the lost sugars can roughly account for the “polysac- 
charide.” In the second set, the lost sugars can account for only from 
one-fourth to two-thirds of it. Again it is not apparent what materials do 
go into the formation of the “polysaccharide.” 

The last column in tables I and III contains the sum of all analyzed 
constituents. In the 6 and 10 day samples in both cases there is a marked 
drop in these constituents during the first few hours. This must represent 
loss of material by respiration, even in the macerated material. 

In the 17-day samples, however, there is an increase in total analyzed 
material during the first few hours. This can only mean that in the fresh 
material there is some constituent soluble in 80 per cent, alcohol which is 
not accounted for in the analysis, but which later is converted into some 
material. which is accounted for. No suggestion is offered as to what this 
material may be. 

Brown (6) made similar analyses of .peas which had been stored in 
various kinds of paper wrappers. He states his results as follows: “Peas 
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5 Alcohol-insoluble residue + total sugars + (sol. N x 6.25) . 
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TABLE V 

BELATION BETWEEN TOTAL BUS ABB AND ‘ ‘ POLYSACCHARIDE ’ ’ IN PEAS ATTER 

MACERATION 


— qr— 

No. 

Age 

from 

BLOS- 

SOMS 

Time 

AFTER 

PICK- 

ING 

A 

Alcohol- 

insolu- 

ble 

RESIDUE 

B 

Poly- 

saccha- 

ride* 

O 

Increase 

in 

POLY- 

SACCHA- 

RIDE 

D 

Decrease 

in 

TOTAL 

SUGARS 

B 

0 

100-TS 

9 

days 

10 

days 

0 

per cent 
9.66 

per cent. 
4.74 

per cent 

per cent 

\ 


14 


i 

9.96 






16 


1 

10.63 

7.27 


2.37 

107 

17 


2 

8.76 

6.25 


— 

49 

18 


4 

8.73 

6.42 

1.68 

mm 

155 


17 

0 

23.25 

11.75 






1 

24.60 

15.48 

3.73 

i.ii 

336 



2 

25.60 

14.24 

2.49 

1.72 

145 



4 

25.40 

18.11 

6.36 

1.30 

490 


* ‘ * Polysaccharide ’ ’ = Alcohol-insoluble residue - (protein + starch) . 


which contained 18.6 per cent, sugar (as invert), at the start contained only 
2.1 to 2.8 per cent, at the end of seven days storage at high temperatures, 
while those held at 32° F. still possessed most of their original sugar (60-80 
per cent.). Apparently the sugar was first converted into acid hydro- 
lyzable material, as is shown by the cold storage lots where only a partial 
sugar loss is shown, and later to starch, as is shown by the large amount in 
the high temperature lots, where the starch content has increased 400 per 
cent., though the acid-hydrolyzable material is but little greater than in the 
cold storage lots. The dry matter content, of course, varies with the storage 
conditions.” 

Thus his results and conclusions coincide very well with the present work, 
although here the “polysaccharide” was assumed to exist, and was not de- 
termined by acid hydrolysis. 

It is obvious that both in whole and in macerated peas hydrolysis of 
carbohydrates and respiration are going on simultaneously. In the whole 
peas respiration predominates, and reducing sugars do not accumulate. In 
the macerated, hydrolysis predominates, and reducing sugars do accumulate. 
These data do not answer the question whether sucrose can be respired di- 
rectly, or whether it must first be hydrolyzed. 

The amount of 80 per cent, alcohol-insoluble residue increases as the 
peas are kept. In the immature peas (picked six days after blossoming) 
this increase during the first twenty-four hours is 50 per cent., in the ripe 
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* Treatment 

— = Analyzed immediately. 
-20 = 24 to*, at -20°C. 

+ 25 = 24 hrs. at +25° C. 
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peas (picked ten days after blossoming) it is 22, and in the overripe peas 
(picked seventeen days after blossoming) it is 18.5 per cent. In the macer- 
ated samples this residue increases at first and decreases later. The present 
experiments do not offer any explanation for this phenomenon. 

Effect of freezing on composition of peas 

It is reasonable to suppose that the rate of respiration will be lower at 
lower temperatures. To test this a sample of the peas picked ten days after 
blossoming was kept in a freezing room at a temperature of -20° C. for 
twenty-four hours. The results of the determinations made upon' these peas 
are presented in table VI. For the purposes of comparison the results of 
the determinations upon these and upon a similar lot freshly picked are set 
side by side. 

The low temperature has not checked the respiration as much as might 
have been expected. This is probably explainable by the slow cooling of the 
samples in the freezing room or to the very intensive respiration during the 
time required for the operations of sampling. The effect of low tempera- 
tures on the chemical changes in peas requires further study. 

Conclusions 

Definite changes in the chemical composition of shelled peas begin to take 
place immediately. The most important and striking of these is the de- 
crease in the sucrose content. This partly explains the change in the flavor. 
The percentage of alcohol-insoluble residue increases, possibly at the ex- 
pense of sucrose. 

The changes in the composition of the peas which are presumably re- 
lated to the respiration are interrupted when the peas become dry. 

When freshly picked peas are macerated and kept under toluene-water, 
sucrose and starch decrease, reducing sugars increase, and non-protein N 
increases. This indicates that sucrase, diatase, and protease are present 
and active. 

Even when freshly picked peas are placed at - 20° C. for 24 hours there 
is marked evidence of change in composition, probably because of rapid 
changes during the brief period before freezing actually takes place. 

These experiments show in definite terms the necessity of cooking or 
canning peas immediately after shelling. 

New York Agricultural Experiment Station, 

Geneva, New York. 
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A METHOD FOR THE RAPID DETERMINATION OF PHOSPHATE 
IN FRESH PLANT TISSUES 1 

E. M. Euhebt 

Little work has been done on the distribution of phosphate phosphorus 
in living plants. The colorimetric method worked out by Fiske and StJB- 
basow (2) for phosphate in animal substances should be equally good when 
applied to an appropriate solution from plant tissues. Preliminary trials 
showed that the solution of plant tissue must not be made alkaline, since 
phosphate was precipitated in alkaline solution. However, satisfactory 
solutions were obtained by using a weak acid solution and a suitable quan- 
tity of powdered charcoal or carbon black. The procedure and results 
follow. 

Preparation of standard solution and checking of reagents 

Make up a standard solution by dissolving 0.1755 gm. potassium 
dihydrogen phosphate in a liter of water. Five cc. of this solution contains 
0.2 mg. of phosphate phosphorus. Add the same amount of acid to it as in 
the unknown, and neutralize just as is done in the procedure. A blank 
should also be prepared to check the reagents, and one standard should be 
treated with 1 per cent, acid and charcoal just as the unknown to test for 
absorption of phosphate by the charcoal, since different grades vary in their 
absorptive power (2) . If the charcoal being used causes absorption, a grade 
should be obtained which does not. If the charcoal contains phosphate 
phosphorus it should be digested with 5 per cent, by volume sulphuric acid 
for one-half hour and leached with 1 per cent, by volume sulphuric acid 
until the leachings give no test for phosphates by the Fiske and Subbabow 
method, as directed below. 

Procedure 

Triturate thoroughly enough green plant tissue to give 0.1 to 0.3 mg. 
phosphate phosphorus (usually 1 gram of tissue) , in a mortar, with 5 gm. of 
fine “decolorizing charcoal.”* Now add exactly 50 cc. of 1 per cent, by 
volume sulphuric acid and mix well with the black paste. Allow to stand 
5 minutes and filter. If not clear and colorless, treatment with more char- 
coal will be needed. The amount of charcoal used in trituration should he 
regulated according to the amount required to give a clear solution. Three 
to five grams was found to be sufficient for a one-gram sample. "When the 

» The investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the 
Director. 

* Decolorising charcoal from J. T. Baker Chemical Co. was used. 
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solution is cleared, add a few drops of phenolphthalein to an aliquot (usu- 
ally 25 ce.) wad bring just to neutrality with dilute sodium hydroxide. ■ 
Make the neutral solutions of the unknown, blank, and standard up to 
about 70 ec. and add 10 cc. of 2.5 per eent. ammonium molybdate made up 
in 5 N sulphuric acid. Mix and add 4 cc. of 1, 2, 4-amino-naphtholsulphonic 
acid, prepared as directed by Fisks and Subbabow (1). Mix and make 
up to 100 cc. After ten minutes read in a colorimeter and calculate the 
phosphate phosphorus in the original plant tissues. 

Results 

Table I shows excellent duplication. The duplicates were taken from 

TABLE I 

Phosphate phosphorus in green plant tissues 

(1-GRAM SAMPLES WERE TREATED WITH 5 GRAMS OP PHOSPHATE-PREE CHARCOAL AND 
1 PER CENT. SULPHURIC ACID) 


Tissue 

Sample 

NO. 

Det. 1 

Det. 2 

Average 

Error 

from 

AVERAGE 



ppm . 

ppm. 

ppm. 

per cent. 

Tomato 

1 

480 

488 

484 

0.8 

Tobacco 

1 

109 

109 

109 

0 

Lettuce 

1 

131 

131 

131 

0 

tt 

2 

344 

344 

344 

0 

a 

3 

296 

280 

288 

2.8 

tt 

4 

342 

342 

342 

0 

tt 

3 

448 

448 

448 

0 

tt 

11 

416 

400 

408 

2.0 

a 

17 

704 

672 

688 

2.3 

a 

18 

448 

448 

448 

0 


the same leaf by selecting a large leaf and using tissue between the large 
veins. In this way uniform samples were obtained. The different lettuce 
samples were from plots which varied greatly in treatment. No. 17 had 
large applications of 85 per eent. syrupy phosphoric acid , which explains 
its high phosphate phosphorus content. No. 3 was from a plot high in lime 
which probably explains the smaller amount of phosphate phosphorus ob- 
tained. No. 1 was a fresh compost not comparable with the soils in the 
other plots. 

Table II shows conclusively that the charcoal used did not absorb phos- 
phate from the acid solutions used. 

Choice of reducing agent 

Tsuog and Meyeb (3) used the method of Denigeb in which stannous 
chloride is employed as a reducing agent. Their tests, howevter, show that 
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TABLE II 

Becovery of phosphate in acid solutions filtered from phosphate-free charcoal 
(Treated with the same reagents as were used on the plant tissue) 


Tissue 

P ADDED 

P RECOVERED 

Error prom 

AVERAGE 


mg. 

mg. 

per cent. 

1 

0.185 

0.185 

0 

2 - 

0.185 

0.185 

0 

3 

0.185 

0.185 

0 

4 

0.037 

0.037 

0 

5 

0.370 

0.370 

0 


the range of acidity and concentration of molybdate in which accurate re- 
sults are obtained, is very narrow. If the acidity is weak the molybdate 
gives a color in the absence of phosphate ; and if it is too strong, the blue 
color fails to form even if phosphate is present. It is also difficult to main- 
tain a uniform solution of stannous chloride, a layer of mineral oil being 
recommended to preserve it. The solution of 1, 2, 4-amino-naphthol- 
sulphonic acid will keep at least a month without any special treatment. 
It does not have such a narrow range of acidity in which it is accurate and 
never causes a color to form when phosphorus is not present, as long as the 
solution is acid and cold. On boiling, however, a blue color is produced 
without phosphorus. Trials with different degrees of acidity, from neutral 
to very acid, in the cold, produced no color from molybdate alone. Stan- 
nous chloride acts on molybdate in the cold even if phosphate is not present, 
unless a certain acidity is maintained, and small increases in temperature 
may cause a color even if the acidity is right. 

Another advantage of the amino-naphtholsulphonic acid reagent is that 
it is not so sensitive to interference by the presence of ferric iron as stan- 
nous chloride. Teoug and Meyer (3) found that the limit with stannous 
chloride was 2 ppm. of ferric iron. Table III shows that as much as 
30 ppm. of ferric iron may be present in the solution with 1, 2, 4-amino- 
naphtholsulphonic acid without interfering. . 

It is true that stannous chloride brings the color faster than the' 
amino-naphtholsulphonic acid reagent, but as long as the standard and 
unknowns are treated alike as to time and reagents accurate results are 
obtained as shown by tables I and II. Interference by silica was not a 
factor in the plant solutions, since silica would not be put into solution by 
the weak acid used, even if the plant contained a significant amount 
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TABLE m 

Eitsct or rnsic jeon on tbs blot phosphate oolob 

(FKRBIO SULPHATE WAS USED) 


Fe 

• Padded 

P RECOVERED 

Notes on colob 

ppm . 

mg . 

mg . 


5 

0.20 

0.225 

Blue matched well 

5 

0.20 

0.20 

tt tt it 

10 

0.20 

0.20 

(t it a 

10 

0.20 

0.20 

tt it it 

20 

0.20 

0.20 

a a a 

30 

0.20 

0.20 

Blue, slight cloudiness 

40 

0.20 

0.20 

Blue, cloudy 

50 

0.20 

0.12 

Slight green, quite cloudy 

60 ' 

0.20 


Greenish 

70 

0.20 

j 

Very green 


Titanium and arsenates cause errors if present (3), but would not likely 
be present in significant amounts in plant extracts. Truog and Meyer (3) 
also found that nitrate, if present at the rate of 200 ppm. of nitrogen, 
caused a fading of the color. However, it would be highly improbable that 
a one-gram sample of any plant in 100 cc. would cause a concentration of 
200 ppm. of nitrate. 

Summary 

1. A method of determining phosphate phosphorus in fresh plant tissue 
is outlined. The tissue is extracted with dilute sulphuric acid and cleared 
with phosphate-free powdered charcoal or carbon black. The method of 
Fiske and Subbarow is used on the cleared extract. 

2. Data are presented which show good duplicates on tomato, tobacco 
and lettuce leaves. 

3. No adsorption of phosphate by the charcoal used could be detected. 

4. Preference is given to 1, 2, 4-amino-naphtholsulphonic acid over stan- 
nous chloride as a reducing agent, because : 

(1) The reagent keeps better. 

(2) It does not require as narrow a range of acidity for accuracy. 

(3) A blue color does not develop in the absence of phosphate at any 
degree of acidity used in these experiments. 

(4) Larger quantities of iron may be present in the tissue extract with- 
out causing interference. 

University or Kentucky, 

Lexxnqton, Ky. 
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THE ASKENASY DEMONSTRATION 
Charles H. Otis 

In the third edition of Palladin’s Plant Physiology (pp. 147-150, 1926), 
Livingston calls attention to the fundamental and far-reaching importance 
of liquid tension in plants, and laments the fact that it is rarely demon- 
strated in university or college courses in either physics or plant physiol- 
ogy. There is contained in this textbook a brief account of the precautions 
that seem to be necessary in order to assure the success of the Askenasy 
demonstration. This was followed by a paper 1 giving additional informa- 
tion on a simplified technique, together with a request that other experi- 
menters record their successes or failures with the demonstration. 

The writer has experimented off and on with the Askenasy demonstra- 
tion during several years. It is not only fascinating to try to better former 
traction records, but trial after trial leads one to better comprehension of 
the various forces operating and to appreciate more fully the phenomena 
existing in the living plant. Various procedures have been tried out and 
their effects have been carefully noted. Different membranes have been 
used, in the attempt to find one more nearly comparable with the natural 
plant membrane. While the experiments leave much to be desired, they 
have been attended with sufficient success and with such regularity that a 
traction experiment has been made a regular demonstration in the course in 
plant physiology at this university, and the apparatus is kept set up so that 
it may be used from year to year. 

The first apparatus was set up in the manner illustrated in Palladin, 
using a single five-foot length of glass tubing with a one-millimeter capil- 
lary, a standard thick-walled atmometer cup, and a filter pump of twenty- 
one pounds capacity for suction. As typical of results one is likely to obtain 
at first, eleven trials gave the following in centimeters of rise of mercury 
column above mercury level in lower reservoir : 30.5, 81.3, 80.0, 63.8, failure, 
100.3, 100.0, 107.5, 99.7, 103.6, failure. Uncorrected barometric pressure 
for this series varied between 72.9 cm. and 74.1 cm. It should be further 
noted that in the sixth trial the meniscus in the cup apparently broke at 
95.2 cm., the level fell about 2 mm., and then started back, giving a total 
rise of 100.3 cm. ; and again, in the eighth trial the column fell over 1 cm. 
at 103.5 cm., followed by recovery, and making a final height of 107.5 cm. 
In the many experiments subsequently performed, this phenomenon was 
observed on only one other occasion. The cause has been referred to as a 
breaking of one or more menisci, but since the cup is opaque and anything 

i Livingston, B. E. and Lubin, Grace. The Askenast demonstration of traction 
transmitted through liquid water. Science n.s. 65: 376-379. 1927. 
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taking place in it is invisible, the phenomenon is a matter for conjecture; 
and some slight readjustment of parts, magnified by the small bore of the 
capillary, may be the explanation. The dropping of the mercury column 
was sudden, and if it was due, to breaking of the meniscus, the method of 
recovery is a matter of considerable importance; for, as pointed out by 
Livingston, the water system usually breaks, and the mercury column then 
f^lls quickly to a height corresponding with the current reading of the barom- 
eter. Livingston further states that the system breaks, sometimes in the 
water in capillary or cup, and sometimes in the mercury. In our experi- 
ments, always using distilled water, but often exposing it in the boiling cup 
to' the atmosphere for days before a trial was made, breaking of the system 
was never observed to take place (in the trials which were at all successful) 
save in the porous cup. 

As the desirability of a longer capillary tube became apparent, the idea 
of joining two lengths of tubing together was suggested. Various kinds of 
bonds were tried, all without success. Finally, a method was perfected for 
fusing two glass tubes together, using a blow pipe and infinite patience, since 
it is easy to draw the capillary. The operation has been successfully ap- 
plied on several subsequent occasions, but it is not recommended to the 
average glass blower. Later, it has been learned that glass tubing may be 
obtained in longer lengths on special order from the manufacturer. This 
would be more satisfactory, but might entail some months of waiting. 
Hard glass would probably be better than soda-lime glass. One set-up, 
made from soft glass, gave a great deal of trouble due to numerous minute 
holes developing successively in the upper bend of the tube after a short 
period of use. 

The construction of a suitable evaporation membrane has been the sub- 
ject of much thought and experimentation. The porous cup constitutes an 
artificial leaf, just as the capillary tube takes the place of a single vessel. 
In a living leaf the place where water loss takes place is not essentially 
through the stomata, but internally from the moist surfaces of the cells 
which abut upon the intercellular spaces back of the stomata. The walls of 
these cells and the plasma membranes within are not the porous structures 
that day cups are. Ideally, the nearer the porous cup approximates the 
physical conditions of the evaporating mechanism of the living leaf, the 
more successful should be the demonstration as measured in lifting-power. 
The difference in behavior-of a larger-pored cup as contrasted with a finer- 
pored condition (meaning large menisci as against small menisci) was dem- 
onstrated, as follows. A thin-walled nnglazed porcelain cup was selected, 
which was boiled in sodium hydroxide and carefully washed; the rubber 
stopper was new and also properly treated to remove air and sulphur. Five 
separate trials with this* cup gave throe failures and the maxim" ™ rise ob- 
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tained was 29.2 cm. of mercury. The cup was then removed and a eopper- 
ferrocyanide membrane was deposited in the walls by the ordinary pro- 
cedure. Seven trials with the treated cup gave uncorrected results in centi- 
meters as follows: 91.7, 96.0, 91.7, 91.0, 80.0, 88.2, and 58.0, the baro- 
metric pressure varying from 72.5 cm. to 75.0 cm. Similar thin-walled cups 
were used, but impregnated with a very dilute solution of cellulose acetate 
(Cellon, Paris) in acetone. Results were as follows, in centimeters of mer- 
cury column: 57.0, 62.0, 79.6, 63.5, 75.0, 81.0, 54.0, 57.0, 57.5, 57.7, and 
82.2. A cellulose acetate membrane presents at least two difficulties ; water 
evaporates very slowly from the treated cup ; but more important, it is very 
difficult to free the system from imprisoned air, and perhaps impossible en- 
tirely to rid the system of the smaller bubbles. 

So much success attended the trials with a copper-ferrocyanide precipita- 
tion membrane that the idea of making a hot-precipitation membrane was 
conceived. It is obvious that when heated a porous cup is expanded and 
the pores are larger than in the cool state. If a cup is then boiled in dis- 
tilled water with suction to remove as much air as possible and is then filled 
with hot copper sulphate (2.5 gm. per liter) and suspended in a beaker of 
hot potassium ferrocyanide (2.1 gm. per liter), the whole being maintained 
in a hot-water bath for several hours, upon cooling the precipitated mem- 
brane must undergo a reorganization which would seemingly tend to make 
it more compact. Many trials with such a membrane seem to indicate that 
such is the case. Such a membrane is quite permeable with suction during 
the preliminary boiling to free the system from air, and water comes down 
the tube freely. On cooling, however, and making a trial test, such a mem- 
brane may be found to be quite impermeable. Enough experimentation has 
been done to indicate that there is a happy medium as to the amount of 
heat to apply during impregnation, and good results have attended a moder- 
ate application of heat during the process of precipitation. The method of 
hot-precipitation is worthy of further investigation. 

Much time has been spent in trying to arrive at a more effective method 
of removing air from the system than is possible by the simple expedient 
of boiling and suction, especially in the case of using rather impermeable 
porous cups or membranes. Two-holed rubber stoppers were tried, a 
stop-cock, with and without funnel attached, being inserted in the second 
hole. Filling the funnel and tube with boiling water, it was thought that 
the system might thus be flushed out, the gas bubbles being forced out at 
the lower end of the capillary. This idea was soon abandoned. More 
trouble was experienced from gas bubbles than before. Solid glassroda 
were inserted in the hole. These could be withdrawn under water and 
reinserted. No great success was attained. Either the inrushing water 
coltimn was sheared off at the instant of closing, thus creating a vapor 
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tension area which does not “heal,” or the forcing in of the rod disengaged 
gas bubbles from the interior of the stopper, which were forced out by the 
compression. Metal pistons were also similarly inserted, by which means 
a pumping action could be set up, combined with agitation. Their chief 
effect was to loosen the stopper. On the other hand, several devices, men- 
tioned presently, were more successful. 

In all, about a hundred and twenty trials have been conducted, many 
with considerable success, and some were frankly failures. The best record 
obtained was made with a Livingston calibrated atmomcter cup (no. 5-548, 
fifteen x), boiled in weak NaOH and washed well, but otherwise untreated. 
The capillary tube was constructed from two fused, five-foot lengths of 
tubing, the upper end of which was bent into a U-shape, three and one-half 
inches .high and four inches across, since it has been found that gas bubbles 
are more easily removed from gradual bends than from sharp angles. Pre- 
liminary to the fourth trial, the apparatus was boiled up for a half hour, 
with several periods during which the suction was released in the manner 
suggested by Livingston. The apparatus was allowed to cool, and on the 
next day full suction was applied, which was successfully withstood. The 
boiling pot was then heated to 60° C., and then quickly removed. Seven- 
teen minutes afterward the column fell after reaching an uncorrected 
height of 150.0 cm., the barometer reading at the time being 73.9 cm. This 
indicates a pressure of more than two atmospheres. This same cup also 
gave other good records. 

For mnrinfinm success with the Askenasy demonstration, in addition 
to the precautions already suggested by Livingston, the following sugges- 
tions are made : 

a. The mercury used in the lower reservoir should be pure and clean. 
As soon as it becomes glazed on top, it should be removed and washed 
before further use. 

b. It is an advantage to have the end of the capillary tube relatively 
close to the surface of the mercury. If, in addition, the end of the tube 
is beveled up to the capillary, using a file and water lubricant, the removal 
of air is facilitated, especially in the case of less permeable porous cups 
and membranes. 4 

c. The rubber stopper must fit tightly in the cup. This is best accom- 
plished by first twisting it in, all parts being bathed with water. After 
this the stopper may be further inserted by a combined kneading in of the 
edges at the same time that a pushing thrust is used. When the stopper 
is well-seated, it may be slipped onto the upper end of the capillary tube, 
which should have been previously marked with a thread gauge to bring the 
end of the tube Audi with the under side of the stopper. It is perhaps an 
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advantage previously to prepare the lower end of the stopper hy cupping 
it with a sharp safety razor blade into a low cone, which gives little chance 
for air bubbles to lodge under the stopper. 

d. There is no advantage, when using the ordinary porous cup, in long 
continued boiling, although this may not be true with treated cups which 
are difficult to free from eonfined air. 

e. In making class-room demonstrations, it is best to try out the appara- 
tus first by application of full suction, gradually applied and as gradually 
released. If the system does not break, the experiment is likely to be 
successful. Preliminary heating of the boiling pot to 60 o -65° C. before 
beginning a trial allows the teacher to finish the demonstration in a few 
minutes’ time, and the rise of the mercury column is so rapid that it is 
eagerly followed by the student. A convenient marker to record the 
progress made by the mercury is made from a short piece of rubber tubing, 
split, and slipped over the capillary tube. A little water between the 
surfaces in contact will furnish lubrication so that it may easily be moved. 
Jarring of the tube should be avoided, and may be largely prevented with 
proper rigid supports and ordinary care, not neglecting provision for 
expansion and contraction of parts. 

This is a brief record of progress and difficulties. However, no teacher 
should be easily discouraged. With a suitable porous cup and ordinary 
laboratory facilities, the Askenasy demonstration is not at all difficult to 
make; and it is hoped that it may be more generally employed in course 
work. 

University or Wisconsin, 

Madison, Wisconsin. 
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BRIEF PAPERS 

NICOLAS THEODORE DE SAUSSURE 1 
(with one plate and three figubes) 

Nicolas Theodore de Saussure (plate IV) adopted quantitative meth- 
ods in dealing with the problem of plant nutrition at a time when practi- 
cally all other botanists were concerning themselves with theories of the 
vital forces which supplied food to plants in the form of the mysterious sub- 
stance known as humus. De Saussure sustained and added to the discov- 
eries of Ingen-Housz and Senebier and proved that the green parts of 
plants take up and decompose a substance of the air at the same time that 
they assimilate water. His experiments on carbon assimilation are numer- 
ous and precise, and were presented with great perspicuity in his “Re- 
cherches Chimiques sur la Vegetation” published in 1804. De Saussure 
found that the decomposition of carbon dioxide by green plant parts was a 
process necessary for the continued life and growth of the plant, but in 
addition he found that the carbon dioxide content of the atmosphere sur- 
rounding a plant might be increased, by artificial means, up to the point 
where it actually was injurious to the plant. Large quantities of carbon 
dioxide in the air were favorable adjuncts only if the plants were in condi- 
tion to assimilate rapidly. After determining the amount of carbon appro- 
priated by a plant, de Saussure found that the plant increased in weight by 
an amount out of proportion to the quantity of carbon fixed. Consequently, 
although he was of the opinion that the great mass of the vegetative body 
was built up from the components of the atmosphere, it was clear that a part 
of the vegetable mass was derived from the fixation or utilization of the soil 
solution. 

The family of de Saussure was of French origin but about the middle 
of the sixteenth century they were among the religious refugees who fled 
from France to the little Republic of Geneva. Members of the family be- 
came prominent in the governmental affairs of the republic, and even at the 
present time some of its members are citizens of Geneva. The de Saussure® 
have been interested in scientific pursuits as well as in the course of govern- 
ment Nicolas, the grandfather of Nicolas Theodore, was a country gen- 
tleman engaged in the management of his various estates and interested in 
agricultural matters. He published several practical treatises; on methods 
of cultivation, pruning, crop failures, and soil fertility. His son, Horace 
Benedict, who was the father of Nicolas Theodore, was a scientist also 

i Published with the approval of the Director of the Minnesota Agricultural Ex- 
periment Station as Paper no. 219 of the Miscellaneous Series. 
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and we are indebted to him for many of the data on which the very founda- 
tions of geology rest. Horace Benedict de Saussure, figure 1, was one of 
the first and most successful Alpine travellers : perhaps he was also one of 



Fig. 1. Hobace Benedict de Saussube, father of Nicolas Theodore de Saussube 

the most unique, for he undertook his journeys for the sake of studying 
geology, physics, aqd other natural phenomena as well as for pleasure. 
Mountain chains, rocks, streams, glaciers, and the atmosphere were studied 
so diligently that even today a large share of his work remains undisputed. 
He must have been ingenious as well as diligent, for he invented or perfected 
a number of instruments which were required for the physical measure- 
ments in his work. With such a background and such an environment it is 
not surprising that Nicolas Theodore turned his thoughts to scientific 
studies. Much of the life of Nicolas Theodore de Saussuee may be found 
in “The life. of Hobace Benedict me Saussuee” by David Fbeshfield. 
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We are indebted to Freshfield for the excellent portrait in Plate IV, and 
for figure 2 -which indicates the material environment of Nicolas Theodore 
during his early life. 

Nicolas Theodore, the eldest son of Horace Benedict de Saussure, 
was born at Geneva, October 14, 1767. The boy was educated at home for a 
time because his father disapproved of the educational methods of the pub- 
lic schools. Later, however, he attended l’AeadEmie de Gendve, became very 
much interested in the natural sciences, and finally became his father’s as- 
sistant and companion. After his father’s journeys ceased, Nicolas Theo- 
dore found time for his own botanical and chemical researches. 'the family 
fortunes were sufficient to permit considerable travelling so that Nicolas 



Fra. 2. The town house in Geneva where Nicolab Theodore die Saossubk spent much of 

his childhood. 

ThEodore, as well as his father, was in direct contact with the work of for- 
eign scientists. The summer of 1793 he spent in England in company with 
distant relatives, but late in December of that year his mother informed him 
of the loss of the family fortune and advised him to seek a travelling tutor- 
ship, for his father was no longer able to provide him with the ease to which 
he had been accustomed. Such a tutorship was not to be found, however, 
for the English patrons were far more interested in the classics than in 
scientific studies, and Nicolas ThEodgre returned to Geneva in the summer 
of 1794. He had not been home long when he and his brother were forced 
to flee to Rolle on account of the great disorder in Geneva resulting from 
the effects of the revolution in France. It was in Rolle in 1794. and 1785 
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that Nicolas Theodore spent a great deal of time correcting proof of the 
last two volumes of his father’s “Voyages.” The following year he re- 
turned to Geneva, married Ren&s Fabei, and settled down once more to his 
scientific career. The treatise on carbonic acid in its relation to vegetation, 



Pro. 8. Nicolas ThSojkhBE di SAcsstntx in later life as Professor of Mineralogy and 
Geology In'theAeademy of Geneva. 


a prelude to his principal work “Reoherches Ghimiques,” was written in 
1797. After a short interval there was more travelling so that several years 
were spent in England and in Franc*, and the wanderers did not return to 
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Geneva until 1802. At that time ns Saussube received the appointment of 
Professor of Mineralogy and Geology in the Academy of Geneva. The posi- 
tion carried a stipend but was an honorary appointment with no regular 
duties; thus he was free to continue the work he had begun. His “Be- 
cherches Chimiques sur la V6g6tation,” which was published in 1804, re- 
ceived great attention from the scientific world, but it was a long time before 
his ideas were completely understood and appreciated. The old humus 
theory had such a strong hold on the botanists of Europe that ns Saussube ’s 
experiments were misconstrued and misunderstood until the reaction 
against the theory of a vital force set in twenty or thirty years after his 
publication. 

De Saussube insisted that certain minerals found in the ash of plants 
were not accidental ingredients taken in with the soil water but were essen- 
tial to the plant as foods in spite of the fact that they were often present in 
extremely small quantities. He recognized the fact that in the absence of 
any one of those essential elements development of the plant was impossible. 
He also was aware of the fact that the amount of an element was not the all- 
important consideration, but that a trace of one substance might be sufficient 
while larger quantities of other substances were needed. 

Bespiration was studied as well as carbon assimilation. Growth of the 
plants was impossible without respiration, and those parts in which physi- 
ological processes were most active required more oxygen than the parts in 
less active states. 

Nicolas Theodore de Saussube was a corresponding member of the 
French Institute and a foreign member of the British Boyal Society. He 
was also a member of the SociSte de Physique et d’Histoire Naturelle of 
Geneva. Figure 3 is taken from a portrait painted during his later life. 
Most of his life was spent in Geneva and it was there that he died April 18, 
1845. With Ingen-Housz and Senebier, de Saussube is responsible for 
founding the modern theory of plant nutrition. — Helen Hast, Division of 
Plant Pathology and Botany, University Farm, St. Paul, Minnesota. 
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SOME ACCESSORIES FOE THE DISSECTING MICROSCOPE 

(with one figure) 

The use of the Greenough type of binocular dissecting microscope may 
be greatly facilitated by the addition of the attachments described below. 



Fra. 1,. Some accessories for the dissecting* microscope. 

In this arrangement the microscope, a Leitz UBM, is mounted on a table 
by means of a damp stand P, placed in front of the operator. By reversing 
the position of die stand and placing it on the opposite side of the micro* 
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scope from the operator even more working space can be obtained. The 
focusing of the instrument while dissecting is accomplished by the foot- 
operated mechanism shown. A shaft, fitted with ball bearings mounted 
in block A , has a pulley B on one end and is connected to the focusing wheel 
of the microscope by a rod with leather universal joints at C and D . The 
mounting for the wheel E is bolted to the table and the pulley F is belted 
to B. By having a tight belt and closely fitted universal joints lost motion 
is eliminated and the operator may focus the microscope as easily and as 
accurately as when the hand is used. 

The proper illumination for dissection requires a beam of light low in 
heat. The lamps G and H, shown in the picture, are satisfactory. Osram 
6 volt, 25 watt, Nitra globes supply the light, current coming from a trans- 
former on the lighting circuit. An ordinary socket I holds the globe in 
position in a metal cylinder J, 24 inches in diameter. In front of the globe 
is a condenser composed of two lenses of two inch diameter and two inch 
focal length. The lenses are mounted in a sliding sleeve and are adjusted 
by moving the handle K attached to the sleeve and projecting through a 
spiral slot in the cylinder J. A cone-shaped nosepiece L to hold filters 
fits over the lower end of the cylinder. This lamp may be adapted for use 
with the compound microscope by using a ground glass filter. 

For dissection work three lamps are used, two mounted either together 
or separately provide illumination from above, and one from below. This 
lower lamp which does not show in the picture is directed upward through 
a hole in the table top. Three small switches Q control the three lamps 
independently. A diaphragm set flush with the table top above the lower 
lamp regulates the size of field and aids in centering the object. 

A mechanical stage M adapted to hold a petri dish provides for accurate 
movement of the object which is held in place by suitable spring wire 
clamps N and O. Dissection may be done in air x>r in water. A suitable 
shade around the oculars gives a brighter field and prevents eyestrain. 
This equipment has proved helpful in studying structural relationships in 
plants. It should also aid in microchemical testing and other work requir- 
ing manipulation of material while it is under observation.— A. S. Crafts, 
Division of Plant Pathology , University of California, Berkeley , 
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EFFECT OF SOMATIC INJURY UPON YIELD IN CORN 1 

Introduction 

In a series of experiments on hens the author (5, 6) found the partial 
removal or mutilation of the ovary or merely bodily injury produced in 
‘some birds a stimulating effect in egg production. In approximately an 
equal number of birds in the same experiments the operation produced a 
retarding effect. "When the operations were performed on six-weeks’ old 
pullets,* similar stimulation and retardation were noted in the length of 
time until the first egg was laid. 

In order to test for a similar reaction in plants a series of experiments 
was performed on com. "While the results do not warrant a conclusion 
directly related to the experiments on animals such as those described 
above and those of Zeleny (7), Pearl (4), Hartman (3), and others, yet 
some very interesting results from an economic point of view are indicated 
by the experiments. The disputes arising from some appraisals by insur- 
ance companies on hail or wind injured crops, the custom in some localities 
of allowing lambs to eat off the lower leaves of corn, seem to the author to 
be examples to which the results of this experiment may be related. 

The author wishes to express his appreciation to Mr. Sam Dunkel- 
bergeb, Halstead, Kansas, who harvested the com in the fall and on whose 
farm the experiments were performed during the summer of 1929, also to 
his colleague, Dr. E. C. Driver of Smith College, for helpful crticisms dur- 
ing the writing of this paper. 


Methods 

The experimental plants were selected in a field of about four acres in 
size. The corn was between five and six feet tall and the silk was just be- 
ginning to appear when the experiments were begun. The plants of each 
experiment were tagged with different sun-fast cloth labels. 

Each experiment, with its results is described below. 

Results 

Experiment 1. — A search was made to find 50 hills each confining 2 
plants of equal height, thickness and quality. One stalk was to be the oper- 
ated and the remaining one the control* In the “operated” stalk 3 longi- 
tudinal incisions, about 3 inches long, were made through the stem at about 
l&inehes from the ground. The incisions were made from different sides of 
the stalk. 

i Gtattritation from the Department of Zoology, Smith College, no. 164. 

* paper now in mannseript form. 

* In ease there was a slight advantage in one of the two stalks it was always given 
to the control. This procedure holds for the other experiments as well. 
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There were 45 hills recovered in November when the corn was harvested. 
The 45 operated stalks produced 48 ears which yielded 25 pounds of shelled 
corn. The 45 control stalks produced 45 ears of corn which weighed 25 
pounds and 3 ounces when shelled. Obviously there is no significant differ- 
ence in total corn yield in this experiment. During the summer it was 
noticed that there were several operated stalks considerably taller than their 
particular controls, yet this factor was not critically analyzed. 

Experiment 2. — The material for this experiment was 25 hills each con- 
taining 2 similar plants. From one plant in each hill all the leaves were 
removed except the two nearest the tassel. These were called “operated 
plants” and their corn yield was compared with the control plants. The 
23 operated stalks recovered carried 7 ears of corn whieh produced 1 pound 
4 ounces of shelled corn as compared with 29 ears from 23 control stalks, 
which yielded 14 pounds and 5 ounces of shelled corn. 

Experiment 3. — This experiment was similar in every way to experi- 
ment 2 except that every other blade was removed from the operated plant. 
There were 22 operated stalks recovered on which there were 19 ears which 
produced 5 pounds 10 ounces of shelled corn. From the 22 control stalks, 
23 ears were obtained, the shelled corn of which weighed 12 pounds and 12 
ounces. 

Experiment 4. — Fifty individual plants were selected on which there 
were either 2 or 4 ears. In case there were 2, one of them was cut, directly 
down the middle, leaving only the back part of the husk to hold the ear 
somewhat intact. If there were 4 ears on the stalk every other one was cut. 
The uppermost ear on each plant was used alternately as a control and an 
operated ear. A few days after the operation the operated ears spread out, 
due to the lack of tension, causing the silk to appear through the incision. 
Soon the cob began to curl and the immature kernels became hardened by 
the weather. Many of these ears became so infected with molds that they 
were lost entirely. 

There were 30 operated ears recovered which produced 2 pounds 12 
ounces of shelled corn as compared with 39 control ears which yielded 20 
pounds and 8 ounces of shelled corn. 

The data described in these experiments are shown also on table I. 

Discussion 

Part of a letter from a farmer, who was acquainted with these results, 
appears below. 

“In August we had a hail storm, when the ears of corn were partly 
made; the grain had already started on the cob. During the storm the 
blades were knocked off but the ears still remained. The insurance adjus- 
ter refused to grant my claim, saying that no damage was done to the actual 
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TABLE I 

Number or ears and the weight or shelled corn obtained in four experiments on 

THE EFFECT OF INJURY ON CORN YIELD 


Experiment 

No, 07 EARS 

Shelled oorn 

Yield per ear 

Operated 

Control 

J 

I 

Control 

Operated 

Control 




lbs. 

lbs . 

lbs. ' 

lbs. 

1. Incisions through 







corn stalk 

48 

45 

25.00 

25.19 

0.52 

0.56 

2. Every blade re- 







moved 

7 

[ 29 

1.25 

14.31 

0.18 

0.49 

3. Every other blade 







removed 

19 

23 

5.63 

12.75 

0.30 

0.55 

4. Ear cut longitudi- 







nally 

30 

39 

2.75 

20.50 

0.09 

0.53 


com yield. The yield was actually lessened, and by your experiments I 
ean prove my claim." It is obvious from table I that the more blades re- 
moved before the corn is ripe the greater is the damage. Some Iowa farm- 
ers allow lambs to eat off the lower leaves of corn. This experiment may 
have a bearing on this practice as well. 

Although the yield was less in the operated plants, the results may still 
be related to the zoological experiments cited in the introduction. It was 
mentioned there that both a stimulation and retardation was noted. Per- 
haps in the work on corn only the retardation became evident. Some 
plants, e.g., dandelions or willows, might experience some stimulation to a 
more luxuriant growth of leaves or of seed, when injured. 

Conclusion 

Com plants which have been injured produce less com than uninjured 
plants. — Morris Steggerda, Smith College. 
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NOTES 

The Annual Election of Officers. — During the last two months the 
annual election of officers of the American Society of Plant Physiologists 
has been in progress. The Secretary-Treasurer, Dr. H. E. KraybiU, of 
Purdue University, has just announced the results of the balloting, as 
follows : 

President, Dr. H. E. Kraybill, Purdue University. 

Vice-President, Dr. W. E. Tottingham, University of Wisconsin. 

Secretary-Treasurer, Dr. Wright A. Gardner, Alabama Polytechnic 
Institute. 

The year just closing has seen steady growth of the Society, and the new 
officers should find conditions pointing to a bright future. With the coop- 
eration of the present membership it should be relatively easy to bring the 
membership to the 500 mark within the next year. 

Committee on Physical Methods. — A committee has been organized to 
do for physical methods of research a service similar to that rendered by 
the Committee on Analytical Methods for the chemical methods of attack. 
It will be the purpose of the committee to summarize and possibly to recom- 
mend standard methods of procedure for biophysical research. The 
chairman of the committee is Dr. E. B. Harvey, of Minnesota. The other 
members so far chosen are Dr. G. W. Scarth, McGill, who will compile 
methods of protoplasmic research; Dr. L. O. Eegeimbal, Minnesota, pH 
and conductivity measurements ; Dr. D. E. Hoagland, California, nutrient 
solution methods. Dr. E. S. Johnston, Maryland, osmotic pressure and 
general water relations; Dr. H. W. Popp, Pennsylvania State College, 
light. Other members may be added later, as the work of the committee 
develops. There is opportunity for a real service to plant physiology in 
this project, and the results of the work of collating methods will be awaited 
with much interest. 

■Life Membership Committee. — President Kraybill has asked the fol- 
lowing members to serve on the Charles Eeid Barnes Life Membership 
Committee : Dr. S. P. Trelease, chairman ; Dr. E. B. Harvey, Dr. J. P. 
Bennett, Dr. L. F. Graber, and Dr. D. B. Anderson. The duty of select- 
ing the sixth recipient of this honor will be the main function of the com-' 
mittee. The results of the selection in past years have been announced at' 
the annual dinner of the physiologists, and a similar arrangement may be 
made for the Cleveland meeting in December, 1930. 

The Purdue Section. — The Purdue Section of the American Society of 
Plant Physiologists has had a splendid year. With 31 members; 15 qf 
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whom are members of the national organization, the average attendance 
has been about 25 at each biweekly meeting. It has been customary to 
have invited speakers at the first and last meetings of the year. Dr. E. J. 
Kraus, of the University of Chicago was present at the first meeting giving 
• a very helpful informal discussion of plant research. The speaker at the 
final meeting, was Dr. W. E. Tottingham of Wisconsin, who discussed the 
problems of temperature and metabolism, and led a discussion of the factors 
affecting winter hardiness after the lecture. 

The programs for the regular meetings were as follows: 

October 7, Crop nutrition studies in Europe, S. D. Conner. 

October 21, Physiology of the apple blotch fungus, E. J. Kohl. 

November 4, Further studies on color and quality of tomatoes, J. H. Mac- 
Gillivray. 

November 18, Purification and properties of tomato mosaic virus, P. H. 
Brewer. 

December 2, Recent respiration studies at the Cambridge Botany School 
laboratory, R. E. Girton. 

January 13, Joint evening meeting with the Biological Society devoted to 
reports of the Des Moines meeting of the A. A. A. S. 

February 3, The Neubauer method of soil analysis, S. F. Thornton. 
February 17, Fungus inhibition and staling, C. L. Porter. 

March 3, Some recent results of the corn stalk method for testing soil 
fertility, G. N. Hopper. 

March 17, Ozone treatment of fruit in storage, C. E. Baker. 

At the final meeting, the officers of the Section for the next year were 
installed. Dr. R. E. Girton is the chairman for 1930-31, and S. F. Thorn- 
ton, secretary. The Purdue Section has set a high standard for its activi- 
ties, and deserves the fine success which has attended it. 

The Minnesota Section. — The Minnesota Section also reports some ex- 
cellent meetings on hardiness, light, etc. The April meeting occurred on 
April 15, and in addition to an address by Dr. Charles Sheard, of the 
Mayo Clinic, on “Physiological effects of irradiation,” several demonstra- 
tions of apparatus* were made. Mr. Harold Mitchell demonstrated the 
Illuminometer method of light -measurement; Dr. L. 0. Regeimbal demon- 
strated and diseussed the Potentiometer Light Recorder, which uses General 
Electric Photoelectric Cells, and Dr. H. Shirley demonstrated and dis- 
cussed his new Radiometer. Dr. C. H. Bailey is chairman of the Section, 
mid R. B. Harvey, Secretary. 

Deaths of members,— We regret to announce the death of two Of our 
members. 
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Patrick Beveridge Kennedy.— The death of Patrick Beveridge Ken- 
nedy, Professor of Agronomy at the University of California, occurred on 
January 18, 1930. Born at Mt. Vernon, near Glasgow, Scotland, in 1874, he 
grew up with a love for agriculture, horticulture and botany, and began his 
education along these lines in Scotland and England before he came to 
America. He attended the Ontario Agricultural College, and finally re- 
ceived his first degree from the University of Toronto in 1894. After spend- 
ing a short time at the Ontario Agricultural College as assistant chemist, 
he went to Cornell, where in 1899 he won his Ph.D. degree. He.was in the 
Department of Agriculture for a couple years, and then went to Nevada, 
where he was connected with the work in botany, horticulture and forestry 
from 1900 to 1913. In 1914 he went to the University of California, where 
his lofty ideals of research and his rare love and understanding of the 
plant materials with which he worked attracted ever increasing numbers 
of graduate students, who found with him unequaled opportunities for 
study in the field of agrostology. 

He spent much time on the taxonomic revision of the genus Trifolium, 
and was working on the section of the bladder clovers at the ti^ae of his 
death. Many monographs were written on grasses, saltbushes, forage 
plants, alpine plants, etc., and he was interested in the introduction of 
new grasses to the stock ranges of California. Harding grass, Kikuyu 
grass, Rhodes grass, and bulbous blue grass were among those brought in 
to improve the ranges. He was an authority on turfs, and his advice was 
widely sought in the management of greens on country club grounds. To 
his fellow members of the American Society of Plant Physiologists, he is 
best known for his work on the perplexing problem of control of the wild 
morning-glory by chemical sprays. 

In spite of domestic cares, he was always cheerful, and his willingness 
to serve others endeared him to all who knew him. One of his greatest 
pleasures was the loyal friendship of his students and colleagues. 

Grace Barkley. — The death of Dr. Grace Barkley occurred on April 1, 
1930. Death was believed to have resulted from a cerebral hemorrhage 
following a fall down a stairway. Although she lived for six days after 
the fall, she was never able to explain the circumstances. 

She was completing her third year at DePauw University, where she 
had gone after receiving her Ph.D. at Chicago. Her main work was on the 
origin of spiral markings in the protoxylem of Trichosanthes. She had 
previously published on the origin and development of secondary wood in 
Yucca. 
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New Laboratory at the University of Chicago. — The work in .plant 
pathology and plant physiology at the University of Chicago is moving 
into the new laboratory on Ingleside Avenue, which has been erected during 
the last six months in proximity to the new greenhouses which were built 
during the preceding summer. The laboratory is equipped for many dif- 
ferent lines of work. Pathology has a general laboratory, research labora- 
tory, refrigeration room, inoculation room which can be sprinkled down, 
and a preparation room. In addition it shares use of other rooms, as store 
room, apparatus room, etc. Plant physiology has a laboratory for ele- 
mentary and general class work, a biochemical laboratory with adjacent 
balance room, nitrogen laboratory, biophysics laboratory, seed laboratory, 
microchemical laboratory, and radiation laboratory for ultra-violet, X-ray, 
and other short wave radiation research. There is also an oven room, and 
dark room for any work requiring dark conditions. There is also a well 
equipped photographic room and dark room, providing facilities for every 
research requirement along photographic lines. 

Temperature control rooms are located in the basement, with a possi- 
bility of -40° C. at the lowest. A grinding room will be developed in the 
basement, and soil centrifuge for work in soil physics. 

The greenhouses are also provided with temperature and humidity con- 
trol chambers, and soil temperature control apparatus. These new labora- 
tories offer unique opportunities for investigation in plant physiology and 
plant pathology. As a plant of this sort is appreciated more when seen in 
operation, investigators passing through Chicago are invited to see the new 
plant. It will be ready for complete occupation by the first of October. 
Classes are using the instructional laboratories this summer. 

Statistical Methods for Research Workers. — The third edition of R. A. 
Fisher’s monograph on “Statistical Methods for Research Workers” has 
come out after the second edition was only 2 years old. Naturally the treat- 
ment of statistics does not change rapidly enough to warrant frequent 
editions, and the multiplication of editions without sufficient reason ought 
to be discouraged. Two new subsections, comprising about 10 pages, are 
added to section 57. These new paragraphs deal with fragmentary data, 
and the amount of information, design, and precision ; they illustrate some 
wider applications of the method of maximum likelihood, and the quantita- 
tive evaluation of information. The author has also added a section of 
citations of his own papers, whether pertinent or not. These changes indi- 
cate not sufficient reason for a new edition. The price of the book is 15 
shillings, mid orders should be sent to Oliver and Boyd, London. 

General Phyaiology.—- A textbook of general physiology suitable for 
beginners has been prepared by Dr. G. W. Scarth, and Professor F. E. 
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Lloyd, of McGill University. The text (194 pages) is accompanied hy 
laboratory jgEereises, which occupy 60 pages in the back of the volume. 
There are 14 chapters, with the following headings: Life as a mechanism ; 
organisation of protoplasm; surface tension in physical systems; surface 
tension in cells; adsorption in physical systems; adsorption in cells ; dif- 
fusion and osmosis in physical systems; diffusion and osmosis in cells; ions 
and their determination in physical systems; ions, particularly H-ions, 
and their determinations in cells; electric potential and electric currents 
in physical (non-metallic) systems; electric potential and electric currents 
in cells; colloids in physical systems; colloids in the cell. The laboratory 
outlines are arranged in 13 groups, the first eleven of which cover the 
ground of chapters 2-14. The last two outlines deal with ultramicroseopy, 
and the general properties of enzymes. The treatment is simple, and 
should furnish a stimulating introduction to the field it covers. Naturally 
there are a number of topics one might expect to find in a general physi- 
ology which have been omitted. Nevertheless, the text will offer many good 
suggestions for class experiments along lines that never have been empha- 
sized sufficiently in teaching plant physiology and general physiology. The 
price quoted for the text is $2.75, and the publishers, are John Wiley and 
Sons, New York. 

New Tables for Reducing Sugars. — A little volume of Recalculated 
Tables for the Determination of Reducing Sugars by Bertrand’s Method 
has been published by the author, Dr. Z. I. Kertesz, of the Department of 
Agricultural Chemistry, the Agricultural Experiment Station, Geneva, 
N. Y. It gives in both English and German, complete and exact directions 
for the Bertrand method for reducing sugars. It should be very useful 
for the non-chemist as well as the chemist. In the original tables the even 
increments were in terms of sugar. Here they are for Cu, from 1.0 to 
190.0 mg., by 0.2 mg. increments, making the tables far simpler to use. 
The sugars include glucose, invert sugar, maltose, lactose, mannose, galac- 
tose, sorbose, arabinose and xylose. This method is commonly in use in 
Europe and is becoming more and more favored in this country. The 
volume contains 34 pages, and can be purchased for 75 cents, from the 
author. 

Exploring for Plants. — Although not specially useful to plant physiolo- 
gists the editor cannot refrain from mentioning two books which have re- 
cently come to his notice. One of these, “Exploring for Plants,” is by 
David Fairchild, who has for many years explored the earth for useful 
plants. This interesting book is a record of the Allison Vincent Armour 
expeditions for the Department of Agriculture during 1925, 1926, and 1£27. 
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The life of a botanist is full of romance, and this story by Fairchild is one 
of the romances that everyone will want to enjoy. It is told in 43 capti- 
vating chapters, and beautifully illustrated. For $5.00 one can enjoy 
one of the most interesting botanical stories of the twentieth century. The 
publishers, Macmillan Co., New York, have done an excellent pieee of work 
in the make up. 

Rock Gardens and Alpine Plants. — 'The other work referred to above, 
is Henby Corbevon’s “Rock Garden and Alpine Plants,” also from Mac- 
millan. Henki Corbevon is the greatest living student of alpine vegeta- 
tion. His first book on the subject was published in 1884, and be has had 
a constant interest in the subject for more than 50 years. The book is a 
storehouse of information for anyone interested in rockeries, and the prob- 
lems of acclimatisation and cultivation of mountain plants in lowland ' 
gardens. There are 15 illustrations, eight of which are colored plates, 
one thinks not any too true to the natural colors. If for no other reason, 
one should read it for the glimpse it gives into the romantic interest in 
plants in the life of its distinguished author, Henri Corbevon. The 
quoted priee of this work is $6.00, and orders should be sent to the 
publishers. 

Physiology and Biochemistry of Bacteria. — Received too late for ex- 
tended notice in this number of Plant Physiology, we call attention to 
the publication of the last two volumes of this valuable work on the physi- 
ology of the bacteria by R. E. Buchanan and E. I. Fulmer. The first 
volume was noticed in the April number of this journal, 1929. The set as 
a whole represents an enormous amount of work, and the authors have 
made a permanently valuable contribution to our knowledge of bacterial 
life. A more extended notice will be given in the October number. Those 
who desire the complete work should address Williams and Wilkins, Balti- 
more, Maryland. The last two volumes are $7.50 each. 
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THE FEEDING POWER OF PLANTS* 

Walter Thomas 

A. Introductory 

1. Variable composition op identical species 

The publication of Wolff's monumental work on “Aschen-analysen” 
in 1871 (210), although compiled principally for the purpose of supplying 
information on the composition of plants used in feeding farm an im al s, 
nevertheless, served to crystallize the large amount of experimental data 
of English, French and German investigators that had accumulated even 
in those early days of agricultural science. Wolff’s data showed very 
clearly that plants even of the same species differed considerably both in 
the absolute and percentage amounts of the various elements absorbed, 
depending upon the composition and nature of the substrate (soil or 
nutrient solution). Indeed, Wolff himself (209) was the first to give 
definite proof that the composition of the ash of any plant could be 
changed by varying the proportion of salts in the nutrient culture medium. 

2. Selective power of different species 

Numerous investigations, those of Newton (129) being the most recent, 
have since shown, moreover, that different species growing in media of 
identical composition possess selective powers with respect to any specific 
ion or ions. This marked difference in the assimilatory powers of different 
plants is very clearly exhibited in their different responses to such “in- 
soluble” mineral fertilizers like rock phosphate, basalt, gneiss, etc. 

3. Ami! differences in response a species characteristic 

But as the environmental conditions even in the water and sand eulture 

experiments cited by Wolff were never identical, the question as to the 

* 

* Publication authorised by the Director of the Pennsylvania Agricultural Experi- 
ment Station as technical paper no. 502. 
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nature of the factors operative was still left open. Nor was it decided 
whether the differences in responses exhibited were characteristic of the 
species or the result of environmental or other unknown factors. And, 
although Newton (136) believes that with the exception of phosphorus 
om there is no characteristic difference in the type of absorption of 
certain species of plants (barley and peas, for example) in nutrient culture 
solutions, i.e., that there is no difference in percentage content with respect 
to any element in the plants examined that holds consistently in favor of 
one or the other throughout all stages of growth, it will be apparent as 
the subject is developed that the evidence is overwhelming that different 
plant species growing in media of identical composition not only exhibit 
differences in composition that can only be interpreted to indicate marked 
differences in the type of absorption (5) but that they exhibit also differ- 
ences in what has been frequently designated in the literature by the 
expression feeding power or ability to utilize insoluble soil constituents to 
different degrees, which are characteristic of the species. The following 
data from Konig’s experiments (82) — which are among the earliest — 'are 
typical as exemplifying this point: 


TABLE I 

Pek CENT, or KjO in oats and peas geown under similar conditions 



Sandy 

Loam 

Loam 

Calcareous 

Clay 

Oats 

Yields (first year) 

0.396 

0.506 

0.420 

0.489 

0.401 

Peas 

0.554 

0.688 

0.554 

0.666 

0.702 


4. The term “feeding power” defined 

The term “absorbing power” or “feeding power” as it is known in tech- 
nical agronomy may connote several ideas (67) . Many have objected to the 
use of the term feeding power. Shull (172) suggests that some plant 
physiologists prefer not to use the term on the basis that it has too much 
psychological implication and others (67) because of the many different 
interpretations given to it. But, as Crocker (27) points out, although 
the expression has undesirable implications, it is better to continue its use 
than to invent some new phrase that might, perhaps, be freer from these 
implications, because other terms suggested, like “absorbing power of crop 
plants” or even “specific absorbing power,” do not imply quite enough. 
The term “feeding power” implies both power to absorb the soil nutrients 
and also the power of making use of many of the salts absorbed. This 
expression will be need in the present paper as a concise means of indicating 
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the difference exhibited by different types of plants in the absorption and 
utilization of difficultly available minerals, either native to the soil or added 
as soil amendments, as determined by the differences in the amount of 
nutrient dements absorbed from the minerals in question, the utilization 
of 'which is generally exhibited in different growth responses. 

5. Theories advanced to account for different responses 

From the numerous experiments conducted to determine the cause of 
the characteristic differences in absorbing power by different species, a 
number of explanations have been advanced. The differences have been 
attributed to (1) the differences in the chemical nature (and possibly 
amount also) of other products of root exudations (acids, carbohydrates, 
etc.) ; (2) the differences in (a) the absolute amounts of carbon dioxide 
evolved, or (b) the amounts evolved per gram of dry weight of the roots 
(respiration energy) ; (3) the operation of the law of mass action between 
the carbon dioxide (carbonic aeid) from the roots and the "insoluble 
material" in the soil; (4) unlike potential differences between the soil and 
plant; (5) differences in the permeability of the root membranes producing 
"selectivity" in absorption of roots; (6) the existence of a Donnan mem- 
brane equilibrium, and to a combination of one or more of the above 
factors (67). 

We shall discuss the evidence for the operation for these various factors 
separately. 

B. The chemical nature of the root exudations 

1. The carbon dioxide factor 

The problem of determining the nature of root secretion is of impor- 
tance not only from the standpoint of scientific inquiry, involving the 
fundamental question of the mechanism of absorption of nutrients and 
the reaction of protoplasm, but is of importance also from the practical 
aspect with respect to the economic utilization of minerals occurring 
naturally in the soil, and applied also as soil amendments. 

a. Considerations of some of the experimental difficulties in- 
volved. — It must be granted that even if proof were forthcoming that 
carbon dioxide is the only factor involved, as indeed Hall (55) points out, 
the problem of isolating the factors that contribute to the sum total of the 
soil carbon dioxide is not a simple one. In the first place, the carbon 
dioxide is not all in the gaseous phase, a large pari; (103) (and, indeed, 
under some conditions nearly all) is present in solution (93) ; and in the 
second place, the soil respiration is the total of all the soil processes that 
give rise to the production of C0 2 , viz., oxidation (88, 169, 213), the itteta- 
bolic processes of the microorganisms (110, 181, 182, 183, 213), and tile 
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respiration of roots and of the bacteria that inhabit them (58, 63, 110, 178, 
181, 608) . Zt follows that the concentration of carbon dioxide, as measured 
in most experiments conducted with soils, is a function of 'the absolute 
CO, produced by the soil particles together with the roots, and also of the 
diffusion velocity (102, 103). 

Since the distribution of the CO, between the gaseous and liquid phases 
will depend upon a number of variables (water and calcium principally), 
the net effect of any one factor at any time is necessarily difficult to deter- 
mine. Bussell (162) believes that the CO, evolved from plant roots can- 
not be distinguished from that given off by microorganisms and this is also 
the conclusion drawn by Stabkey (177, 178) ; but the work of Stoklasa 
(182), Headden (60), Turpin (198), Babakov (3) and Neller (124) indi- 
cates that approximate relative differentiation is possible. 

b. The views op the several schools. — Plant physiologists and soil 
scientists have been and still are divided into several schools. One group 
(10, 155, 162) maintains that plants do not dissolve significant quantities 
of minerals that would otherwise remain undissolved; another school 
emphasizes the important role that the root exudations exercise in this 
connection. The latter school is divided into two groups : One (26, 38, 39, 
49, 77, 89, 98, 141, 146) subscribing to the view that “insoluble” sub- 
stances are rendered soluble by the exudation from the roots of plants of 
substances (e.g., organic acids, acid salts, etc.) other than carbon dioxide; 
and the other school (1, 52, 65, 60, 117, 121, 182) that only CO, is exuded 
from the roots and that the influence of plants on the solubility of soil 
minerals is to be attributed solely to this factor. The role played by micro- 
organisms in the soil and especially the action of microorganisms of the 
rhizosphere, isolated by Stoklasa (181) is recognized by all schools. 

c. Characterization op object op experiments in this field. — Con- 
sequently, in the examination of the available evidence for the purpose of 
evaluating the contribution of the earbon dioxide evolved from plant roots 
as a factor in dissolving the “insoluble” soil materials, we must distinguish 
between (1) those experiments (3, 31, 59, 60, 84, 85, 86, 92, 102, 103, 163, 
182, 198, 211, 212) that have for their purpose the determination of the 
relative contribution of carbon dioxide by root and microorganisms of the 
soil, and (2) those (28, 3% 49, 77, 89, 117, 121, 145) which, although accept- 
ing the important rdle of the carbon dioxide evolved from the roots, were 
carried out for the purpose of determining if acids and other substances 
than CO, are exuded by roots, and (3) those (37, 139, 140, 181, 191) that 
are concerned with the effect of CO, from whatever source derived. 

. d. Observations of the Earlier investigators. — The older “corro- 
sion” experiments of Sachs (165), Knop (80), Liebig (97), Kny (81), 
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Czapek: (28, 29) and Molisch (122) and observations of the natural etch- 
ings frequently found upon calcareous stones lying in the soil were 
regarded as furnishing prima facie evidence that the roots of plants parti* 
cipate in dissolving “insoluble” nutrients of the soil. And more recently 
Fred and Haas ( 44 ) found that this action of roots on marble is increased 
when a sterilized soil was inoculated with pure cultures of various bacteria. 

The growth fusion ideas (26, 176) and etching experiments of Sachs 
(166) and of Czapek (29) are of interest here. The former observed that 
only the smooth surfaces of the minerals that were soluble in carbonic 
acid showed “corrosion figures”; silicates did not. Czapek (29) sought 
further information on the problem by substituting plaster of Paris slabs 
which were incorporated with various carbonates and phosphates. He 
argued (28, 29) that since — in addition to the carbonates — the phosphates 
of calcium, magnesium and iron, but not of aluminum phosphate, were 
corroded by roots, the acids exuded from the roots must be limited to 
carbonic, acetic, propionic and butyric. Finally, all but carbonic acid were 
eliminated by means of qualitative results with Congo red. Czapek’s 
deduction from these experiments, however, is not valid, for the evidence 
from the experiments of Cameron and Hurst (20), Prianishnikov (161, 
153, 155) and Marias (107) is conclusive that aluminum phosphate is avail- 
able to plants through hydrolytic processes. The use, therefore, of A1P0 4 
is not justifiable in experiments to decide the nature of root exudations. 

Moreover, all these “corrosion” experiments may be criticized on the 
basis that no mineral phosphates exist that are unavailable to plants when 
all factors that hinder the dissolving power of the roots are removed. The 
experiments of Butkewitsch (16), which will be discussed later in this 
paper, exemplify this very clearly. 

e. The use of seedlings in determining the nature of boot exuda- 
tions. — The approach to the problem by the use of seedling plants, more- 
over, is not sound (1, 28, 29, 52). The mineral requirements of such young 
plants are too small to justify the suitability of such experiments to answer 
the question of root exudations, by whatever method and however carefully 
carried out. The conclusions from such experiments must be of doubtful 
value. For this reason we shall consider only those experiments in which 
mature plants were used. 

f. The problem of interpretation. — The results of field plot experi- 
ments (59, 60, 92, 102, 103, 163, 211) are contradictory, but pot and 
lysimeter experiments (3, 92, 128, 182, 198), with certain exceptions 
( 86 ) where the technique adopted may be open to criticism (66), agree in 
attributing to the roots a considerable and, indeed, preponderant contribu- 
tion to the carbon dioxide of the soil. 
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(1) The work of the Rothamsted group. — Notwithstanding the fact 
that on the Broadbalk field and Hoos plots Russell and Apfleyabd (163, 
104) found, in agreement with other investigators (3, 9, 59, 00, 93, 198), 
that at certain seasons of the year, especially at the time of active growth 
uid ripening, cropped soils contain a higher content of CO* than uncropped 

' soils, their interpretation of the results differ. Russell and Appleyard 
(103) attribute the conflicting results of the older workers (40, 41, 123, 
211), even when comparison was made between cropped and fallow portions 
of the same plot, to failure to recognize the marked influence of differences 
in tiie physical and chemical structure on the carbon dioxide content of the 
soils in question. The Rothamsted investigators conclude that in their own 
experiments the difference in the physical structure and composition of the 
cropped (or grass) and uncropped (fallow land) soils makes comparison 
difficult. These authorities observed that the smaller the soil differences 
become, the smaller is the effect of the crop on the production of C0 2 and 
they postulate that, if it were possible to obtain absolute identity of condi- 
tions, the effect of the crop would vanish. But that the factor assigned 
by these authorities for the observed differences cannot be the only one is 
shown by the work of Headden (60), who found a marked depression of 
soil carbon dioxide after each cutting of alfalfa. There is, moreover, such 
a marked difference in the amount of C0 2 evolved from an uncropped and 
a cropped plot in some of the more recent field experiments (59) that it is 
difficult to conceive how such marked divergence could be due to physical 
differences in the soil of the plots. For example, Hasse and Kirchmeyer’s 
(59) results indicate that four-fifths of the total C0 2 was due to root 
respiration. 

(2) Are lysimeter results applicable to field conditions? — More- 
over, if Russell and Apple yard’s (163) conclusions are generally appli- 
cable, the question may be raised whether pot and lysimeter experiments 
of the type conducted by Barakov (3), Turpin (198) and others (9, 37) 
are applicable to field conditions. That the deductions drawn from 
some of these experiments may not be applicable to field conditions, on 
account of the conditions being too artificial, is possible. This criticism 
would apply to the* conclusions of Kossowitsch (84, 85, 86) in which C0 2 
was determined in percolates of the nutrient solution in quartz sand cul- 
tures, but for the fact that Dustman (37) has shown that, although the 
absolute respiration of plants grown in quartz and soil cultures is greater 
in the former, the relative differences between different plants are the same 
in both. 

In Turpin's lysimeter experiments (198) the difference between the 
amount of carbon dioxide in the cropped soil and that in the uncropped 
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soil at tiie period of most active crop growth, divided by the amount of 
water transpired by the crop, gave a constant which varied with the 
season. Moreover, as there was no indication that the increased CO, in 
the cropped soil arose from the decomposition of root particles, Tubpin 
logically concludes from these experiments that the plant often produces 
at the period of its most active growth many times as much CO, as is pro- 
duced by soil organisms. 

The results of Babakov’s lysimeter experiments (S), in which weekly 
determinations of CO, were made on different types of unsterilized soils, 
also indicate that the principal source of CO, is from the respiration of 
roots. The greatest absolute quantity of CO, was associated with the 
greatest development of the plant. He notes that each plant experimented 
with had its own specific respiration curve. 

Starkey (177, 178), however, frequently found little effect on the CO, 
content of the soil or abundance of organisms, especially in the early stages 
of growth. He also noted the occurrence of larger numbers of micro- 
organisms about plant roots than at a distance from them. On the basis 
of these findings Stabkey questions the conclusions of Tubpin (198) and 
Babakov (3). There is no reason to doubt that at certain periods a part of 
the carbon dioxide evolved in the respiration of roots is contributed by the 
bacteria that inhabit the root surface, i.e., the rhizosphere (58, 110, 180) ; but 
the weight of evidence (3, 60, 198) indicates that the total contribution to 
the soil CO, by such means is relatively insignificant compared with the 
amount evolved during the growing season by the respiratory activity of the 
roots. It is also apparent on physico-chemical grounds that determinations 
of carbon dioxide on samples of soil taken under such conditions as those 
described by Stabkey (177) afford no basis for drawing conclusions con- 
cerning the quantitative relations relative to the carbon dioxide of the soil 
atmosphere in situ. This same disadvantage applies also to Metzger’s (111, 
112) attempt to measure the concentration of bicarbonates in soil samples 
immediately around the roots with those taken away from the roots, for 
these methods obviously destroy the CO, equilibrium conditions actually 
existing in the soil. A review of methods used for the' determination of car- 
bon dioxide of the soil atmosphere will be found in a paper by Potter and 
Snyder (150) 

Hutchinson (72) concludes that there exists a parallelism between 
bacterial numbers and CO, content of the soil. This report (72) is fre- 
quently cited in the literature ; but it is sketchy and lacking in details. If 
the exact parallelism between soil CO, and bacterial numbers occurs 
throughout the growing season, this fact would tend to show that the root 
contribution would be small; but when such correlations are attempted 
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(72, 168) there are well defined periods when the bacterial numbers fall 
as the C0 2 increases. If, then, as Wollny and others (144, 168, 218) 
suggest, relatively large increases of C0 2 depress baeterial activity, no 
correlation would be expected, which may, as Plummer (149) suggests, be 
due to Hie limitation of the oxygen supply. It should be noted, however, 
that Stoklas (180) finds that root respiration and the number of bacteria 
in the rhizosphere paralleled one another. 

We must, therefore, conclude that either Bussell and Apeleyabd’b 
(168) results were due to conditions not readily duplicated and that the 
conclusions drawn by them are not of general application, or that deduc-. 
tions from experiments of this type carried out in pots and lysimeters are 
not applicable to conditions in the field. The assimilation and utilization 
of nutrients in pot experiments is considerably greater than in field experi- 
ments. In the former the roots penetrate the soil more intensively than 
in the open field. As a result of this better utilization of nutrients, the 
yields in pot experiments are frequently six to ten times higher than those 
in the field. Becent suggestions (32) to eliminate these differences include 
mixing the soil with equal parts by volume of quartz sand. Finally, it is 
to be noted that there is no evidence that the discrepancies in the experi- 
ments discussed above can be attributed to the relative predominance of 
root respiratory activities as a result of the relatively low rate of oxidation 
of organic matter or vice versa. 

g. Intensity op C0 2 production by roots of different species. — Since 
the atomic groupings and reciprocal linkages of the roots of different plants 
are not similar, it could be postulated that the respiration activity of the 
root systems of plants would be different. The complexity of the problem 
is appreciated when specific data for the respiratory energy of the roots of 
different plants are considered. The causes of the wide variations reported 
by different investigators for identical types of plants must be sought in 
the different conditions of experimental technique, especially with respect 
to the difficulty in making a comparison of the influence of the various 
factors that influence respiration, such as concentration of oxygen, tem- 
perature, concentration of carbon dioxide, and nature and concentration 

of nutrients. •••? . 

• * 

Thus, the average amount of C0 2 evolved in 24 hours from barley grown 
to maturity was found by Stoklasa and Ernest (182, 188) to be 70 mg. 
per gm. dry weight of roots, whereas Newton (127), in plants 35 days old, 
found only 3.5 mg. of CO, per gm. dry weight of roots evolved in 26 hours. 
Both of the above investigators used sand as the substrate. Stoklasa 
used sterilized sandF and Knop 's nutrient solution. Newton used Hoag- 
Land’s culture solution.. Newton has thought that possibly his method 
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of simple diffusion may not have measured all the C0 2 evolved (180). 
But the agreement between Dustman's (87) results and Newton's shows 
that this is r not the reason and, theoretically, no great difference would be 
expected to result between systems depending on diffusion and air currents, 
respectively, since the measurements must necessarily have been made when 
each system was in a state of equilibrium between output and removal of 
C0 2 (104) ; nor is there any evidence that these large differences in Stok- 
lasa's and Newton’s values can be attributed to any great difference in 
the age of the plants used. Values obtained by the writer (188) for sweet 
clover in sand cultures by a similar method to that used by Pfeiffer and 
Blanch (148) ranged from 8-9 mg. per gram, of dry weight of roots 
evolved in 24 hours, compared with values of 4.5 mg. obtained by Newton. 
Dustman's (37) results are in relative agreement with Newton’s. That 
Stoklasa and Ernest's (182) values are far higher than is usual under 
field conditions will be evident from a consideration of the following facts : 
Stoklasa concludes that the microorganisms in an acre of soil to a depth of 
1.5 feet may produce between 65 and 70 pounds of C0 2 a day for 200 days in 
the year, and that during the growing period the roots of oats or wheat 
would give off nearly as much to an acre. This would mean a loss from 
decomposition of organic matter of 13,500 pounds of C0 2 per acre per year, 
or 0.471x13,500 = 6,358 pounds of organic matter. This value is abnor- 
mally high. As Newton (130) points out, a loss of one-half to one ton 
of organic matter per acre per year is closer to the average loss from 
normal soils. 

It must be admitted (87) that calculation of the carbon dioxide produc- 
tion per gram of dry weight of material is not a very refined method of 
measurement, owing to the variation in the percentage amount of proto- 
plasm in the various plants and parts of plants, the respiratory gas 
exchange of which depends entirely upon the activity of the living sub- 
stance. Some tissues, such as wood and cork, consisting for the most part 
of dead cells, do not respire at all. But, owing to the impracticability of 
the alternative methods proposed (87), the simple method of calculation 
on the basis of total weight must be used. 

Studied from a relative standpoint, however, Stoklasa and Ernest’s 
results are decidedly valuable. Thus, the specific ! respiration energies 
(amount of CO a evolved per gram of dry weight) of roots found by them 
were barley 68, wheat 90, oats 127, rye 118, buckwheat 227. In sterilized 
sand culture experiments they found that the above values were in the 
same relative order as the utilization of P 2 0, and K 2 0 from basalt and 
gneiss. As already pointed out, Barakov' (3), too, in experiments with 
lupin, oats, barley and rye, found that the capacity to absorb Ca from rock 
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phosphate paralleled their values for the specific respiration energy. 
Stoklasa and Ernest, whose results are in substantial accord with those 
of Babakov’s (S), point out that the values found by than for the respira- 
tion energies do not, however, afford any indication of the relative yields 
under conditions where readily assimilable nutrients are supplied. Thus, 
in Knop’s nutrient solution the yield of barley was found to be far greater 
than that of wheat, rye or oats. This might be attributed to the com- 
pensating factor of extensive root development in the case of barley, as 
Hesse's measurements (62) of the root hairs of barley, oats, rye and wheat 
indicate and which are in harmony with the measurements of Nobbe (131). 

TABLE II 

Size or boot baibs ok cereal crop plants 


Length Diameter 


mm. mm. 

Barley 1.40 0.0102 

Oata 0.98 0.0090 

Bye 0.86 0.0070 

Wheat 0.62 0.0068 


If Stoklasa and Ernest’s results can be corroborated we could postu- 
late : (1) That when the rate of supply of N, P and K are sufficiently rapid, 
as in the case of access to an ample supply of easily soluble nutrients, the 
yield will be proportional to the extent of root system. (2) But if one of 
these elements, such as phosphorus, is present only in a difficultly soluble 
form, the yield will be proportional to the respiration energies. 

If these conclusions of Stoklasa and Ernest (182) and of the other 
investigators cited (p. 446) can be proved to be of general applicability to 
our economic plants, we should be forced to accept the views of the school 
that regards the r61e played by carbon dioxide as the greatest factor deter- 
mining their feeding power. The need, therefore, for more exact informa- 
tion on the respiration coefficients of the various types of economic plants 
is apparent. 

* 

2. TO WHAT EXTENT DOES C0 2 FUNCTION AS A SOLVENT 

a. The imbibitional water of the root hairs is not a saturated 
solution OF carbon dioxide. — Aberson * *.(1), on the basis of titration and 
hydrogen-ion concentration values obtained on seedling roots, concluded 
that the hydrogen-ion concentration of the water of imbibition of the 
mucilaginous “membranes” of the root hairs in close contact with the 
soil particles contains a saturated solution of carbon dioxide. Experimen- 
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tal evidence is cited to show that a saturated solution of GO, is aide to 
bring into solution the insoluble soil minerals, especially phosphates. 

But Aberson ’s view is not valid for the following reasons: (1) A satu- 
rated solution of carbon dioxide has a hydrogen-ion concentration of 
1.2 x 10- 4 ; this exceeds the hydrogen-ion concentration values of any of the 
root exudations found by Aberson. (2) With any given content of carbon 
dioxide in the soil atmosphere it is possible to calculate the content of CO, 
and HCO, ions in the water of imbibition in contact with it. 


Since HA = H + + A - 


[H+] [Aj 
[HA] 


= K. 


[H + ] 2 = K a • [HA] or [H + ] = yK a - [HA] 

and [H + ] = yK, • (C - [H + ] ) 

where C is the concentration of the original acid. 

Since [H + ] is small, we have 


( 1 ) 

( 2 ) 

(3) 

( 4 ) 


[H + ] = VK a C (5) 

or pH = - 1/2 log. K a + 1/2 log C (6) 

For polybasic acids the first ionization constant may be taken, since the 
second ionization constant is small compared with the first. 

Since the Henry coefficient at N.T.P. is approximately 1:1 (199), the 
percentage by volume of carbonic acid of the soil solution and the per- 
centage in the soil air are approximately identical. Hence, even if the soil 
air contained as high as 10 per cent. CO„ the soil solution (if it consisted 
of pure water) would also contain 10 per cent, by volume of CO„ since 
the Henry coefficient is 1 : 1. The pH of such a solution calculated from 
the above equation would be 4.10. Since, however, it is a solution of 
salts, and especially of bicarbonates, the dissociation of the carbon dioxide 
would be depressed even below the above value. Moreover, Aberson has 
neglected to consider the influence of the salts present in the cell sap of 
the roots. 

b. Hoagland’s view. — The data of Hoagland et al. (68, 70, 170) would 
seem to afford evidence that CO, may not play an important rdle in oft 
soils. These investigators found no measurable change in the reaction of 
soils of such markedly acid character of which the hydrogen-ion concentra- 
tion is of the order of magnitude of the dissociation constant (3.0 x 10~ T ) of 
carbonic acid (200), when such soils are partially saturated with carbon 
dioxide. In soils having a lower hydrogen-ion concentration (higher pH), 
however, the change in reaction due to partial saturation with CO, was 
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quite significant. The decomposition of stall or green manures in add 
soils of hydrogen-ion concentration of the above order of magnitude would, 
therefore, sot be expected to increase the hydrogen-ion concentration of 
the soil to such an appreciable extent as to have any effect on the solution of 
“insoluble” materials. Inasmuch as there is an overwhelming amount of 
evidence from field and laboratory experiments that decomposing matter 
is a potent source of rendering the “insoluble” minerals of the soil avail- 
able, the rate of decomposition varying with the age and nature of the 
material (108) and also nature of fertilization (206), we should — on the 
basis of Hoagland and Sharp's data — be forced to attribute the major 
favorable effect in the majority of soils not to carbonic aeid but to the 
intermediate products of decomposition by the soil microorganisms, such 
as butyric, acetic and lactic acids — the dissociation constants of which are 
of the order 1.8 x 10~ 4 to 1.7 x 10 -5 — and possibly also to replacement effects 
in the exchange complex. 

Hoagland (68) sums up the situation as follows: “It appears to me 
that some soils are so acid that C0 2 is of slight effect, and that in other 
soils the nature of the soil minerals is such that C0 2 may have very little 
influence in promoting the solution of P0 4 or K; but, nevertheless, that 
C0 2 is of great general significance because of the existence of a great 
number of soils — not inconceivably the majority of soils — where C0 2 does 
appreciably alter the culture medium of the plant. In all this, we presum- 
ably must constantly keep in mind the difficulty of knowing just what the 
chemical system, and influence of C0 2 , is at root-soil particle interphases.” 
Yet it is evident from more recent field experiments (166) that there are 
exceptions even to this generalization. 

The influence of nitrification processes must, however, not be under- 
estimated (187). In soils rich in calcium, nitrification processes are gen- 
erally accompanied by the destruction of bicarbonates, i.e., with a decrease 
in the buffer value and increased utilization (p. 466). In practice, then, 
the aim should be made to increase the decomposition of organic matter 
without greatly increasing the calcium concentration of the soil solution. 
One way of doing this would be to apply lime in small amounts. 

c. Experiments on the influence of artificial additions of carbon 
dioxide to the soil. — It might be expected that the results of experiments 
in which definite quantities of carbon dioxide are introduced into the soil 
in which plants are growing would give results from which definite con- 
clusions could be drawn,; but this is far from being the case. LundbgIrdh 
(163) has shown the beneficial effects of increasing the carbon dioxide 
concentration of the atmosphere surrounding the external assimilatory 
organs, and BreazEale and Burgess (11) noted increased absorption of 
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P0 4 by seedlings from "floats" when saturated with CO,. The results 
obtained by Mitsoherlioh (118), Pfeiffer and Blanok (145), and also 
by Parker (140) are, however, decidedly negative with respect to its 
influence on the absorption of difficultly soluble materials; even distinct 
injury has resulted in some experiments (118, 145). These negative 
results, however, afford no proof that the carbon dioxide produced under 
field conditions does not play an important rdle in the assimilation of 
mineral nutrients. As Truog (50) suggests, the equilibrium conditions 
governing carbon dioxide evolution in the soil at the interface of the plasma 
membrane of the root hairs may not as yet have been duplicated in the 
laboratory. 

It is unfortunate that all investigators have used either quartz sand or 
soils low in colloidal material in which the factor of ion replacement does, 
not play the important role that it does in soils high in colloidal material. 
In view of the fact, moreover, that carbon dioxide is well known to have 
toxic effects when the C0 2 /0 2 ratio is relatively high (21, 24, 56, 118, 145, 
167), this possibility must also be considered in the experiments hitherto 
conducted on the effect of C0 2 additions. Pfeiffer and Blanch (145) 
observed distinct injuries, especially to oats, in their first series of wheat, 
lupine and oats cultures, when washed C0 2 gas was introduced at the bottom 
of the vessel for 10 minutes, 3 days a week at a pressure of 2.5 atmospheres. 
In their second series, when water saturated with CO, was used, no injury 
resulted; but even this procedure did not in Mitsoherlioh ’s experiments 
(118) prevent injury to the plants. 

In none of the experiments on the effect of the artificial addition of CO, 
is the total concentration of carbon dioxide in the soil at any definite 
interval of time known. The possibility of toxic doses, therefore, is not 
eliminated. Thus, in Parker’s experiments (140) the concentration of 
carbon dioxide was sufficient to increase markedly the absorption of silica. 
Evidence exists that different plants differ in sensitivity to C0 2 (46, 179), 
although in the culture solution experiments of Hall (56) wilting occurred 
when C0 2 was aspirated through all culture solutions. Stoklasa (182) 
and also LundeoIrdh (102, 103) found that a concentration as low as 1 per 
cent, of CO, in the soil atmosphere 15 cm. below the soil surface retarded 
growth, and was even toxic to some plants. 

It is of interest to note here that Pfeiffer and Blanck (145) argue 
from the negative results obtained by CO, additions in- their “oder-sand" 
cultures in the presence of rock phosphate that the data afford proof that 
other acids are exuded by roots, because, although many of the plants with 
which they experimented were able to utilize rock phosphate quite well, the 
artificial addition of CO, gave in all cases decreased yields. 
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3. Boot excretions other than CO, 

a. The divergent views. — The tendency of the European workers (1, 
28, 55, UK), 183) and also of some of the American investigators (52, 87, 
68 ) is to emphasize the importance of carbon dioxide exudation, and to 
regard the rdle of other acid exudations, relatively, of little significance, 
and, indeed, in some cases (52, 55, 183) to question their existence. Others 
(28, 120) have claimed to have found substances other than acids in the 
root exudations. 

b. Distinction between excretions from living and dead cells. — 
Although the fact that acids may be excreted from dead cells was early 
recognized by Czapek (28), it may be questioned if, in planning some 
experiments (12), sufficient attention has been paid to the necessity for 
making conditions such that the excretions of living and dead cells could be 
differentiated. That this point is of importance is shown by the results 
of Johnson (75), who found marked differences in the quantities of Ca + 
and Cl' absorbed from a CaCl 2 solution, in the case of live and dead beet 
cells. The dead beet cells removed only 26.2 per cent. Cl from the roots 
whereas living beet cells removed 43.7 per cent . ; but the proportion of Ca 
absorbed was nearly the same in both cases. 

Osterhout (133) and also Rudolfs (160, 161) have also called atten- 
tion to the effect of hydrolytic dissociation of neutral salts and to the effect 
of the differential rate of ionic absorption. These secondary effects, due 
to differences in the permeability of living and dead cells, will be discussed 
later in this paper. 

c. Root sap acidity as a basis for chemical methods of determining 
nutrient requirements. — (1) The direct method of approach — The 
assumption that acids were exuded from roots served as a basis for the 
attempts of Dyer (38) and his school to ascertain the fertilizer require- 
ments of soils. Dyer argued that if acids are exuded, the total acidity of 
the sap should be an approximate measure of its solvent action. The sap 
acidity was obtained by averaging the results of determinations for total 
acidity of the water extracts of the roots from over a hundred different 
species of plants. This was found to be equal approximately to a 1 per 
cent, solution of citrite acid. Lemmermann (96) also adopted a similar 
criterion and, as we shall see later, the greater assimilatory ability of the 
Leguminosae compared with the Gramineae was attributed by him to the 
greater total acidity of the root sap of the former. 

Information on the nature of the root exudations was also sought by 
Czapek (28) and Kunze (89) by bringing intact seedling roots in contact 
with litmus paper and noting the change in color. It has been suggested 
by Haas ( 54 ) and others, however, that it is not possible to reach definite 
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conclusions from this type of experiment because different roots may differ 
in their capacity to absorb the blue dye of litmus. Differential absorption 
cannot account for all the facts, for Kunze (89) showed by titration in 
parallel experiments that the acidity exhibited was far greater than that 
indicated by the turning point of litmus. And there is no evidence in 
Ktjnze ’s experiments that the acids arise from injured or dead cells. It 
is clear, too, that Kunze recognized the limitations of litmus paper as an 
indicator, for he states that in some plants the amount of acid lies below 
the sensitivity of litmus. 

Czapek (28) attributed the red color obtained by pressing seedlings 
against blue litmus paper to the exudation of KH 2 P0 4 , and emphasized 
the fact that the exudation of this salt could not be explained by any 
injury to the cells of the root hairs because the same result was obtained in 
culture experiments where there could be no question of injury; but it is 
to be noted that Czapek did not find the drops of liquid — always to be 
observed on the roots of seedlings developed in a humid atmosphere — to 
be acid. Prianishnikov (153) also found traces of P0 4 in the root secre- 
tions of seedlings, but not from full grown normal plants. 

The whole subject of the secretion of acids other than C0 2 was sub- 
jected to a critical investigation by Stoklasa and Ernest (183) with 
Hordeum vulgar e and Zea mays, using a different technique. The seed- 
lings were allowed to develop for 15 days in distilled water and then trans- 
ferred to experimental cylinders, through which 20 liters of sterilized air 
free from CO. w'ere passed. In one series of experiments a mixture of 
0 2 and N 2 gas was used. Under these conditions C0 2 and a trace of H 2 
was found, but no P0 4 nor S0 4 . In view of the fact that a large number 
of investigators (8, 13, 79, 94, 101) had reported the presence of lactic, 
acetic and formic acids in the root exudations of plants, Stoklasa and 
Ernest carried out a similar series of experiments from which they con- 
clude that these acids were only exuded when the root system suffers from 
lack of oxygen and is the result of partial intramolecular respiration. 
When the supply of oxygen was sufficient only carbon dioxide was found. 
These experiments were carried out at a uniform temperature (20-22° C.) 
and observations were made for 10-20 days. Air containing a-radium 
emanations increased respiration considerably. 

Stoklasa and also Hall (55) have argued, from an ecological stand-, 
point, that it is improbable that such important nutrients as K and P 2 0 5 
would be exuded from the root system ; but this position is untenable, for 
many experiments (15, 207) show very clearly that plants may return to 
the soil at some stage of their growth, usually at maturity, some of these 
important nutrient elements. 



m 


PLANT PHYSIOLOGY 


(2) The indirect method of approach ,. — Some investigators (117, 145, 
181* 192), on the other hand, have sought a solution of the problem of 
acid exudation of roots by determining the assimilatory power of different 
plants for difficultly soluble materials, like rock phosphate, and Hall (55) 
has sought a solution by taking out a balance sheet between the acid and 
bases contained within the completely developed plant. 

(a) Mitscherlich’s view . — The conclusions from the indirect meth- 
ods devised by Mitscheblich (119) and that adopted by Pfeiffer and 
Blanok (145) are contradictory. Mitscherlioh (119) maintains that his 
* ‘ Wirkungsfaktor ’ ’ values are a constant characteristic for each manure 
(fertiliser) on all crops and all soils. This “law” of 'Mitscherlich is 
expressed by the equation 

0=t(A-y) (7) 

or log. (A - y) = log. A - c (x + b) (8) 

where: c = “Wirkungsfaktor ”or action produced by the nutrient element 
applied, 

A = maximum yield when x is not limiting, 
x = amount of nutrient element added, 
b = amount of available nutrient already present in the soil, 
y = yield obtained by application of nutrient element x. 

He argues, therefore, from the constancy of c that all plants must have at 
their disposal the same agent for the decomposition of difficultly soluble 
material and that this is C0 2 exclusively. In recent years he appears to 
have changed his views to some extent as a result of the following experi- 
ment (120), which is easily carried out. When a very dilute solution of 
HC1 (0.0001 N) is added to root hairs observed under a microscope, at 
first local swelling up of the protoplasm can be observed, followed by a rup- 
ture and expulsion of the protoplasm into the surrounding medium. After 
some time new root hairs are formed, showing that the injurious effects of 
too high hydrogen-ion concentration have been overcome. These phenomena 
may, in part, be explained by the tendency of plants to change the reaction 
of the medium in the direction of neutrality as observed by Pantanelli 
(138), Hoagland (64, 65, 67) and Thebon (185). The medium might be 
neutralized by the absorption of hydrogen-ions and the excretion of OH ions 
simultaneously, or, as Mitscheblich believes, the. injurious effect of the 
aeid may be counter-balanced by the liberation of substances of the nature 
of organic buffers. These ideas would coincide with Maze’s (109) and 
also Comber's view (28) that substances other than those of acid nature 
take part in the solubilization of mineral nutrients. That considerable or- 
ganic matter is liberated from the root sap and root hairs sloughed off by 
plant roots is shown by the observations of Lyon and Wilson (105), but 
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these findings are not applicable as evidence to the exudations of intact root 
hairs. Minima’s, investigations (116) afford some evidence, although indi- 
rect, that organic acids are excreted by roots, on the basis that the period 
of maximum excretion of non-volatile organic acid buffers is coincident 
with that of maximum acidification of the soil. 

Mitscheklich, in his earlier papers (118), held the view (146, 147) that 
the amount of P 2 0 B absorbed from rock phosphate by oats was identical 
with the amount dissolved by a saturated solution of carbon dioxide, and 
concluded (117) that the different “Aufschliessungs-vermogen” of differ- 
ent plants could be explained by differences exhibited in their ability to 
develop root systems, which, in turn, is proportional to the amount of car- 
bon dioxide respired by them. More recently he has modified these views 
and has discarded chemical methods as being inadequate (119). Indeed, 
it has been found by numerous workers, especially by Konig (82) and 
Schloesing (168), that oats and other plants may absorb far more P 2 0 B 
from rock phosphate and other soil phosphates than can be dissolved by a 
saturated solution of C0 2 . Freak and Erb (43) also drew similar conclu- 
sions with respect to the soil K 2 0 of the fertilizer plots of this Experiment 
Station. 

In evaluating these opposing claims, it should be remembered that 
Stoklasa (180) and Stoklasa and Ernest (183) found that lactic, acetic, 
formic and oxalic acids were excreted only when the root system suffers 
from lack of oxygen ; but as yet there are no critical experiments indicating 
whether or not under average field conditions, the system in immediate 
contact with the roots may not be relatively deficient in oxygen. The ac- 
cumulation of these organic acids due to incomplete oxidation of the prod- 
ucts of respiration has been found by Stoklasa to be highly toxic to 
plants. This view is further supported by Maze’s experiments (109) with 
peas in sterile cultures. That the problem of air renewal is a serious prob- 
lem, especially in some of the finer textured soils, is apparent from techni- 
cal remedies such as drainage and crop residues devised to meet it. 

(b) Hall and Miller's experiments . — One of the arguments used by 
Hall (66) upon which to substantiate his conclusions that only C0 2 is ex- 
creted by the plant is based on the findings of Hall and Miller (67) that 
the net action of the plant upon the soil is to leave an excess of base in the 
soil. This result was arrived at by taking a balance sheet between the acid 
and bases contained within the completely developed plants (wheat, barley, 
sweeds and hay) of the Rothamsted rotation experiments on the Agdell 
field, and also of wheat and cabbage plants grown in culture solutions. 
These experiments, however, do not take into consideration the effect of 
hydrogen-ion concentration. As Theron (186) and others have empha- 
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sized, greater equivalent proportions of anions than of eations are absorbed 
on the acid side and on the alkaline side the reverse holds true. If Hall’s 
statements had been made later, they undoubtedly ■would have been modified 
as a result of the recent progress in physical chemistry. Furthermore, the 
validity of the assumption made by Hall that all the nitrogen in the plant 
should be calculated as an acid on the basis that all the nitrogen enters the 
plant as nitrate may be questioned. 

(c) Kappen’s experiments on expressed root saps. — The -procedure 
of Happen (77) of determining the total acidity and hydrogen-ion concen- 
tration of the expressed sap of the roots of mature plants grown in field 
experimental plats is more pertinent ; but even in these experiments values 
cannot be regarded as absolute, because — as we shall see later — of the ex- 
istence of a hydrogen-ion concentration gradient * (68, 195). Moreover, 
Kappen’s experiments are open to the criticism that they do not distinguish 
between diffusion products and exudations of the roots. Considered, how- 
ever, from the standpoint of the relative comparisons between total acidity 
and hydrogen-ion concentration of the respective root saps, Kappen’s data 
indicating low hydrogen-ion concentration values but high titration num- 
bers are instructive. Only 0.1 per cent, of the hydrogen-ions were found 
to be present in the ionic condition, the remainder being in the undissociated 
form. The inevitable conclusion is that the root saps must consist of a 
mixture of free organic acids and their alkali or alkali-earth salts. This 
point is of interest because such an arrangement would ensure the organism 
against too violent fluctuations in the degree of acidity of its sap, and is 
analagous to the conditions that exist with other physiological fluids, blood, 
urine, etc. Both Groh (49) and Pavlinova (143) come to the same con- 
clusion as Kappen, but the deductions of the latter, unfortunately, are 
of limited application because only seedlings were used. They are of in- 
terest, however, in that they show that the older technique adopted by 
Czapee (28) is useless to determine the reaction of the water exuded by 
guttation. 

(d) Haas’s experiments. — Haas (52) sought a solution of the prob- 
lem of root exudation by determining simultaneously the hydrogen-ion 
concentration of solutions in which seedling plants were growing and also 
in controls without' plants. After the CO? had been expelled by a current 
of pure H?, the hydrogen-ion concentration of both series of cultures was 
identical. Although this method eliminates the possibility of confusing 
the exudation of living cells from those of dead cells, it is doubtful if the 
conclusion drawn by Haas from these experiments, vie., that plants do not 
exude other acids than CO?, can be extended to mature plants. The min- 
eral nutrient requirements of the 10 day seedlings with which Haas worked 
are, of course, much less than in more mature plants. t 
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C. The influence of the degree of the acidity of the cell sap 

In view of the emphasis placed by many investigators upon the influence 
of the degree of the sap acidity of cells as a determining factor in the feeding 
of plants, it is pertinent for us to inquire more closely into this phenomenon. 

1. Does a hydrogen-ion concentration gradient exist 

Although there is sufficient evidence to indicate that the hydrogen-ion 
concentration of the substrate has an indirect influence on the growth of 
plants, it is not definitely known what, if any, relation exists between the 
hydrogen-ion concentration of the medium and that of the metabolically 
active tissues. Jacobs (73, 74), in the case of isolated cells, found none. 
Hoagland’s results (66) on barley grown in water, in sand, and also in soil 
cultures indicate that the pH values of the sap of the tops were almost 
identical, even though the pH of the nutrient media varied widely, viz., 
from 4.94 to 6.76 in water cultures and from 7.03 to 7.34 in soils. Heed 
and Haas (157, 158) report similar results from water culture experiments. 
The latter (157) and also Theron (185) have obtained comparable results 
in the case of the sap of tops, but in the roots Theron (185) noted that the 
pH increased with increase in pH of the medium (substrate). The ex- 
istence of a definite hydrogen-ion concentration gradient in the case of 
algae has been shown by Child (23) and in some of the higher plants, grown 
in soils, by Haas (53) and in animal tissues by Gustafson (51). The 
regulatory influence of buffer systems, therefore, must vary considerably 
in different parts of the plant. The data of Haas (53) are illuminating. 
In Melilotus alba (second year growth), the following pH values were 
obtained: Soil extract, 7.68; root (6" portion below upper 2"), 5.82; root 
(2" of upper part), 6.46; leaves and petioles, 7.04; stems, 6.68. The pH 
of the mixed upper 3" of the tops, stems, leaves and buds was 8.0. As Reed 
and Haas (158) later pointed out, any hypothesis based upon differences of 
acidity of the plant sap and the external medium must account not only for 
the accumulation of inorganic elements within the roots but also for their 
movements to other portions of the plant. Investigators in this field must, 
moreover, take cognizance of the fact that marked change in the hydrogen- 
ion concentration usually occurs within an hour after expression of the 
plant sap (25, 50, 61, 195) . 

Prom the foregoing, it is apparent that we are not yet in possession of 
sufficient evidence to determine whether or not the cell sap of tissues pos- 
sessing similar functions have hydrogen-ion concentration values that may 
be characteristic of the species. The assumption that root sap acidity 
values are a characteristic of the species formed the basis of much of the 
experimental work by the German investigators, (1, 89, 96) in their search 
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for a flotation of the causative factors determining the ‘ ‘ Auf schliessungs- 
vermogen” of different species. Thus, the Qramineae and the Leguminosae 
ware supposed to be sharply differentiated (96) on the basis of the acidity 
of their root sap, until Kappen (77) and later Stoklasa (181) showed very 
definitely that the distinction held neither for the titration nor hydrogen- 
ion concentration values. Stoklasa ; s experiments (181), if confirmed, 
would lead to the conclusion that the acidity of the sap of the roots of all 
cultivated plants is near neutrality, except when insufficient oxygen is 
present, under which latter condition the acidity increases. He emphasizes 
the significance of this fact for the development of the bacteria of the 
rhizosphere. 

As we shall presently see, working on this assumption, Truog (194) . 
considers that the feeding power of different plant species is a function- 
of the different intensities of the acidity of the respective saps. Thus, 
buckwheat and clover are cited as types of plants with high and low 
acidities, respectively. The table below, however, taken from the data of 
Tbuog and Meacham: (195), Kappen (77), Haas (53), Stoklasa (181), 
and Abebson (1), will show how impossible is such a classification, at least 


with the methods hitherto adopted. 

TABLE III 

pH op buckwheat and bed cloves roots reported by several investigators 


Investigator 

Buckwheat 

Bed clover 

Truog and Meacham 

Kappen 

Abebson 

Haas .. 

4.0-4.03 

4.9 -5.3 

5.7 -5.9 

4.8 (mature plant) 

5.4 -5.9 (seedlings) 

6.2 

5.6 -5.9 

6.2 

7.9 - 8.4 

5.8 - 6.1 

Stoklasa ... 

6.6 



Further development of NSmec’s work (125) on the hydrogen-ion con- 
centration of the sap of seeds of a large number of different species of 
plants promises — from the practical standpoint — to clarify the whole situ- 
ation. Seeds are more nearly constant in composition than other parts 
of plants, and N£mec found that the hydrogen-ion concentrations of the 
seeds of plants adapted to acid soils are relatively much higher than those 
adapted to alkaline soils. It is of interest to note that the saps from the 
seeds of barley, corn and peas were found to have, the lowest hydrogen-ion 
concentration, pH 6.45 - 6.30. 

It has been a matter of long observation that such plants as sweet clover, 
alfalfa and lettuce are adapted to grow on soils at or near the neutral point. 
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When soils to which these plants are adapted are allowed to go unlimed, 
they are replaced by others that are less sensitive to acid conditions. 
Camargo et <U. (19) have recently shown in controlled experiments that 
the optimum growth of roots of the coffee plant is at pH 4.2, which affords 
an explanation of their adaptability to acid soils. The coffee plant is 
greatly injured by even moderate liming. 

D. Theories proposed to explain differences in the feeding 
power of plants 

1. The application of the law of mass action • 
Tschirikow (196, 197) stressed the importance of the CaO/P 2 0 5 ratio 
in the plant as an important factor in the ability of different plants to 
supply themselves with enough P 2 0, from difficultly soluble phosphates. 
Plants having a high energy absorption for Ca would, according to him, 
depress the Ca concentration of the soil solution, resulting in an increased 
solubility of the phosphate. The smaller the amount of P 2 0 # necessary 
for the formation of one unit of organic substance of the plant (i.e., the 
smaller the percentage of P 2 0, in the plant), the greater obviously would 
be the effect of P 2 0 5 . From this viewpoint the capacity of the plant to 
absorb difficultly soluble phosphates is directly parallel to the quantity of 
Ca absorbed and inversely parallel to the P 2 0 B requirement of the plant. 

Truog (192, 194) has extended Tschirikow ’ s views further and has 
invoked the concept of equilibrium between calcium phosphate and carbonic 
acid, on the one hand, and the products of their interaction, on the other, 
as expressed by the equation : 

Ca 3 (P0 4 ), + 2H 2 C0 3 ^ Ca 2 H 2 (P0 4 ) 2 + CaH 2 (C0 3 ) 2 (9) 

He contends that plants such as buckwheat, which the majority of culture 
experiments show is capable of utilizing the phosphorus of rock phosphate 
in large measure, are supposed to be able to absorb both of the products 
to the right of the equation. It is to be inferred, moreover, as already 
stated (p. 462), from Truog ’s later expansion of this view that the rate 
of absorption is determined by the degree of acidity of the saps of these 
plants. Thus, buckwheat is characterized as a plant with “high internal 
acidity.” In the case of plants having a low degree of sap acidity, one 
of the products to the right of the equation (calcium bicarbonate) is 
assumed to be incapable of absorption by the plant at a rate comparable - 
with that of the other product (di-caleium phosphate) ; consequently, the 
operation of the reverse reaction will prevent the further solution of the 
rock phosphate. Corn and oats are placed in this class by Truog. 

This view has been supported (8, 7, 68) and as vigorously disputed 
(80). In order to clarify our ideas, it should at the outset be remembered 
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that, although the possibility (p. 456) of absorption of salts in the un- 
dissociated form (183, 185, 137) must be considered possible under some 
conditions, e.g., in the case of detaehed cells, the weight of evidence (87) 
is that absorption in normal intaet plants takes place in the ionic condition. 
Now there is ample evidence, as we shall see later, to show that not only 
do root hairs of different species differ in their degree of permeability to 
the same ion, but that the different relative velocities of the anion and 
cation of a salt may also be a factor in determining the equilibrium. We 
must then be prepared to consider ionic equilibrium, although the existence 
of such equilibria between the ions in the cells and the ions in solution 
has not as yet been established definitely. 

2. Evidence fob and against Truog’s views 

a. Bauer’s sand culture experiments. — The results of Bauer (6) 
have been cited in support of Truog’s views. In these experiments corn 
was grown in sand cultures treated with rock phosphate (or acid phos- 
phate) as the source of P, and NaN0 3 or (NH 4 ) 2 N0 3 as the source of N; 
but the analytical data are insufficient to show that the improvement in 
growth in the leached pots was due to removal of calcium as the bicar- 
bonate. Removal of toxic substances by leaching must also be considered 
a factor (119). Further critical experiments on this point should include 
pots without plants as controls. 

b. The views of the California group. — Davis, Hoagland, and 
Lipman (30) cite Newton’s (126) results with peas and barley in water 
culture solutions, which grew normally without bicarbonates, and, more- 
over, in solutions at hydrogen-ion concentration at which bicarbonate ions 
could not exist to any extent. But this argument may be weakened by the 
fact that Hoagland (67) and others have later deduced evidence to show 
that rapid replacement of - HCO„ ions by other ions may occur. 

Reed and Haas (157) have also argued against Tbuog’s view on the 
basis of their experimental work with walnut and orange trees. In experi- 
ments with the former the effect of a solution of Ca(OH) 2 of pH 9.0 was 
determined. Although the percentages of Ca in the ash of the tops and 
roots were 14.60 and 9.80, respectively, the pH of their sap (5.26-5.48) 
showed no significant changes from values obtained when such plants were 
grown in complete eulture solutions. This same argument, however, used 
by Reed and Haas to refute the existence of a relation (193) between the 
absorption of calcium and the degree of aeidity of the sap, breaks down 
completely when certain experimental data (78) may be interpreted, by 
the same method of reasoning, to prove that calcium may be necessary for 
precipitating organic adds formed as a by-product, on the bads that 
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mottled leaves of citrus trees starved of calcium are considerably more acid 
and contain distinctly less calcium than normal leaves. 

Again, Reed -and Haas (158) are inclined to the belief that there is 
no evidence in support of the assumption by Truog (194) that absorbed 
materials are converted into insoluble compounds as rapidly as they accu- 
mulate in the plant, or that absorption necessarily depends on the precipi- 
tation of ions within the plant. The italics are the writer's. But this 
conclusion is not justified from the experimental data supplied. Thus, 
Reed and Haas (158) find that in sand cultures the concentration of 
water-soluble K increases in the ash of leaves, trunk, shoots and stems, 
and that the concentration of soluble Ca increases in the leaves "but de- 
creases in the shoots, trunk and roots as the concentration of the nutrient 
solution increases. In soil cultures 45.82 per cent, of the Oa was soluble 
in the leaves, 15.03 per cent, in the shoots, and only 7 - 9.5 per eent. in the 
trunk, roots and rootlets. In buckwheat nearly all the calcium is insoluble 
in water (87). The fact that Nitella (89) contains large quantities of 
soluble potassium and calcium salts has also been used as an argument (30) 
against Truog ’s views. But to what extent the extension of data obtained 
from such abnormal structures as Nitella to the higher cultivated plants 
is justifiable remains to be determined. 

The work of Kostychev and Berg (88) has an important bearing in 
this connection. They have determined the forms in which Ca is present 
in the tissues of a number of plants. The following interesting data, 
table IV, are taken from their paper : — 

TABLE IV 

Forms or calcium in plants 


Percentage op the total Ca 


Plant 

Soluble 

IN WATER 

Combined with 
P0 4 AND HCO, 

Ca 

OXALATE 

Trifolium repens (loaves) 

42.4 

38.6 

19.0 

Alchemilla sp. (leaves) 

35.6 

40.3. 

24.1 

Caragana arborescens (leaves) 

21.0 

23.1 

55.9 

Solanum tuberosum (leaves) 

16.5 

34.5 

49.0 

Lemna minor 

11.6 

45.7 

42.6 


In apple tree experiments (190) the writer has found in mature leaves 
relatively low percentages of the total Ca soluble in water, vie., 17.2 per 
cent., and relatively high percentages as the oxalate, vie., 54.3 per eent. 
The above data might, therefore, be just as readily used to support Truog ' s 
views 1 as to refute them. 
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Chibnall (22) has recently shown that one-tenth of the water-insoluhle 
calcium of cabbage leaves consists of calcium phosphatide. 

c. Some weak points in Truog’s theory. — 

(1) The experiments of Parker— Bauer — Bartholomew. — According to 
Truog (194) plants with a slightly acid or neutral sap, like sweet clover 
and alfalfa, are more able to utilize the potassium advantageously from 
lower concentrations of the element than plants, like buekwheat, having a 
more acid sap ; but Parker (139) found that buckwheat absorbed relatively 
large quantities of soil potassium. Moreover, Bauer (6) found that both 
buckwheat and sweet clover readily absorbed calcium from rock phosphate. 
Bartholomew (4) also failed to find any relation between the amount 
(percentage) of calcium absorbed and the ability of these plants to feed 
on rock phosphate, although the substrate and nutrient medium were the 
same as that used by Truog (quartz sand) . 

(2) The effect of the destruction of the buffer systems. — No account has 
been taken of the buffer systems present, the destruction of which must be 
of greater influence than the factors already noted. The buffer action of 
calcium bicarbonate, for example, is a function of the hydrogen-ion concen- 
tration of the medium, and is readily destroyed if the hydrogen-ion 
concentration varies from pH 7.5. 

Ca (HCO a ) 2 + NaOH = CaC0 8 + NaHC0 3 + H 2 0 (10) 

Ca(HC0 8 ) s + H 8 S0 4 s=CaS0 4 + 2H s O +2C0 2 (11) 

The destruction of Ca(HCO s ) 2 results, as shown by Butkewitsch (16), 
in increased yields — in some cases as much as three times — and the amount 
of calcium in the medium decreases. The stronger the buffer action the 
greater the CaO/P 2 0„ ratio. From this standpoint, the inhibitory action 
of Ca(HC0 8 ) 2 on phosphate utilization may be regarded as that of para- 
lyzing the root activity of the plant. In this sense and in this sense only 
may Truog’s view hold. 

(3) Do the terms “high” and “low” acidity have any meaning t — The 
validity of Truog’s conception must necessarily rest also upon the accuracy 
of his classification of the relative acidities of the saps of plants into high, 
medium and low; but, unfortunately, we have no definite knowledge of the 
relative acidities of plant saps. As we have Been, the variation in different 
parts of the same plant is so great that it is not, as yet, justifiable to use the 
terms “high” and “low” in classifying plant saps. The hydrogen-ion 
concentration of the sap .of seeds is much more constant; therefore, in any 
attempt to correlate hydrogen-ion concentration of plant tissues with 
nutrient supply, the examination of the sap of seeds would be the most 
profitable line of attack. - 
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d. Lack of harmony of observation with theory. — Nevertheless, it 
is highly improbable that the results upon which Parker and Truog (142) 
based their classification of plants into (1) high Ca and high N, and (2) low 
Ca and low N are accidental, as has been contended ( 129 ) . On the contrary, 
the preliminary studies of Storck and Ripped (134) support the existence 
of such a relationship between Ca and N. True, the analytical data pre- 
sented by Parker and Truog represent the composition of plants grown 
under very varied and different conditions. But an examination of the 
paper (141) will show at once that the data have been collected with great 
care and, moreover, Truog has himself conducted carefully controlled ex- 
periments. He recognizes (193) that isolated analyses may be found that 
are relatively quite different from those used — especially of plants that have 
reached maturity or were cut as hay — due to losses of Ca, in part possibly 
by leaching (95). 

If we accept this relationship between calcium and nitrogen as an actual 
fact, to what may it be attributed i Surely not to acids arising from the 
decomposition of proteins, as Truog assumes. The older physiologists (33) 
considered that “living” protein substance of the protoplasm functions as 
the immediate material for respiration, resulting in the production of the 
acids found in plants. But, as pointed out by Kostychev (87), this as- 
sumption contradicts an abundance of facts that have been established 
recently without question — that sugars are much more easily oxidized 
than proteins. Most of the plant acids arise from the carbohydrates and 
fats that serve as the fundamental sources of energy of respiration (156). 
As a matter of fact the amount of energy obtained by the decomposition of 
proteins is very small, and, moreover, the amino acids formed are readily 
converted by the plant again into proteins (176). Only after the com- 
plete consumption of sugars do plants begin to burn the protein material 
of their protoplasmic framework, and then the C0 2 /0 2 ratio falls to 
0.70-0.80. 

The explanation of the Ca/N relations observed by Parker and Truog 
(142) is more probably to be explained by the antagonistic action of Ca 
and K resulting in an increased absorption of N and P 2 0„ (188), 

e. Extent to which bases function as neutralizers of plant acids. — 
Truog and Meacham (195) and also Haas (53) have examined the hydro- 
gen-ion concentrations of the tops of a large number of plants grown both 
in limed and unlimed plots, and, without considering the possibility that 
the results are within the limits of experimental error (185), it was found 
that with few exceptions the pH of the tops of the limed plants was higher 
than that of the unlimed. It might be argued from these facts (53) that 
one function of calcium is to adjust the pH of the soil solution so as to 
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enable the plant to secure a sufficiently rapid supply of bases to neutralize 
the injurious effect of too high acidity; but, apart from the fact that 
neither Clevenger (35) nor Dustman (37) have been able to corroborate 
such a conclusion, there is absolutely no justification to assume that this 
function is more peculiar to calcium than the other bases, e.g,, magnesium 
and potassium (90, 91). Moreover, it is not necessary to assume that the 
disappearance of acids is accomplished solely by the mechanism of neutrali- 
zation, since Astbuc (2) has shown conclusively that the disappearance of 
acids — which are always higher in the young plants — is due not so much to 
their “neutralization” as to the process of respiration and esterification. 

f. Calcium requirements op plants are vert different.— It is certain 
that plants eannot continue growth without calcium and, although different 
species respond differently to its presence, injury does not result if sufficient 
quantity of soluble salts are present in the media (157). The observation 
of Loew (114), therefore, of the death of cells on treatment with salts that 
precipitate Ca must be interpreted accordingly. 

The response of species to varying quantities of calcium appears to be 
an important ecological factor (201). Thus, Skeen (175) has shown that 
PhaseolU8 vulgaris nanus must have large amounts of calcium and that 
Lupinus alius obtains its maximum growth with relative traces. 

From the foregoing, we are forced to conclude that, although the sug- 
gested explanation (p. 467) offered to account for this Ca/N relationship 
may not explain all the facts, there is no sound reason for denying the 
existence of this relationship. It is unfortunate, from this standpoint, 
that the nitrogen content of the oat plants grown by Shedd (171) on dif- 
ferent soils and which showed such extreme ranges in calcium content are 
not known. This would have given us some valuable information. 

3. Conclusions prom recent more direct experiments 

Bussell (162) considers that the critical problem is to know whether 
the concentration of the substrate (nutrient solution) with respect to 
calcium has decreased to a greater extent in the “high feeding” plants than 
in the “low feeders.” Such experiments are at present being carried out 
by Domontovitsch and Sohestakow (34), of which only the preliminary 
results have been published to date. In sand culture experiments with 
lupines, buckwheat, mustard, millet and oats — using rock phosphate (size 
of particles 0.1 mm.) as the source of P — the growth of the plants and con- 
centration with respect to P E 0 5 and Ca were compared between pots con- 
taining mixed plants, viz., (1) buckwheat and oats, (2) lupines and oats, 
(3) lupines and millet, (4) mustard and oats, and pots containing an equal 
number of plants grown alone. The following table Y gives the results 
of Hie preliminary work f 
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TABLE V 

Data from Domontovits ch and Schestakow 





P,0, in 

Ca in 

N*. 



100 00. 

100 co. 

DEE 

PA — Quelle ttnd Pflanzenabt 

PH 

DER 

DEE 

Gefasse 

Ldstnuo 

LOfiUNG 




MG. 

MG. 

4 

Rohphosphat Hafer 

7.43 



16 

“ Hirse 

7.14 


1 

6 

1 1 Buchweizen mit Hafer 

5.43 


, 

5 

* 1 Buchweizen 

6.25 


t . 

11 

1 ( Lupine 

5.34 


30.85 

12 

“ Lupine mit Hafer 

5.17 

0.679 

75.89 

17 

** Lupine mit Hafer 

4.80 

1.350 

48.59 

26 

" Hafer 

7.21 

Spuren 


36 

(t Senf mit Hafer 

6.35 

f grosser© 

{ Spuren 




The growth of oats and millet was scanty and not much greater than those 
plants without any phosphorus addition. In the mixed cultures with 
lupines the yield of oats and millet was increased 545 and 846 per cent, 
respectively, over the yields of these plants grown alone. Mustard and 
buckwheat also influenced the growth of these Gramineae to a remarkable 
extent. Unfortunately, calcium determinations are not reported in all 
cases; but it is evident that the mixed cultures with lupines have reduced 
the concentration of the calcium under that in the pots in which the 
Gramineae grew alone. The hydrogen-ion concentration of the medium in 
the mixed cultures is also much lower than that in the cultures of plants 
grown alone. These results indicate that the differences in the utilization 
of rock phosphate in these experiments are to be correlated with their 
effect on the hydrogen-ion concentration of the root medium and, perhaps, 
also with the unequal rates of absorption of calcium. The data for con- 
centration of P 2 0 5 show no relation between the rates of absorption of 
phosphate ion by the different plants. 

Hoagland has recently reported that with the same source of rock phos- 
phate, buckwheat was able to make normal growth, whereas tomato plants 
were almost entirely unable to obtain phosphate from this source — yet the 
tomato plants had a much higher percentage of calcium than the buckwheat 
plants ( 68 ). The conclusion is drawn that the solid phase of the soil and 
its ability to keep the soil solution supplied with calcium is an important 
factor. Results obtained by Maz£ (109) may be similarly interpreted. 
It would be of interest for investigators in this country to conduct experi- 
ments similar to those of Domontovttsch and Schestakow ’s work and, in 
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addition, to determine the content of the plants in Ca and P0 4 . It is well 
to bear in mind, however, the possibility that the carbon dioxide exuded 
by roots may, under the artificial conditions of many of the experiments 
reported, be of far greater importance than under normal conditions and 
for this reason it is undoubtedly more advantageous to use soils as the 
substrate. 

E. The influence of the extent of the root system 

1. Is THEBE ANY RELATIONSHIP BETWEEN FEEDING POWER 
AND EXTENT OF ROOTS 

That great differences exist with respect to the extent of the root system 
among different types of plants is a common observation. A review of the 
literature has been given by Miller (115). This difference in the growth 
of plant roots outwards, together with the differences in their respiration 
energy, is regarded by some authorities (30) as an important factor in the 
mechanism of absorption of ions by plants. 

Truog has also clearly recognized that differences in the extent of root 
system may be a factor in the absorbing power of plants. This is quite 
evident from a statement in one of his earlier papers (193) to the effect 
that "the feeding power of a plant for lime depends largely on the extent 
and character of the root system.” From the results of experiments car- 
ried out later, Truog modified this view and, as we have seen, stressed the 
internal acidity of the sap as a more important factor in plants like buck- 
wheat, which have a very restricted root system. 

But there are several experiments (84, 152, 154, 155, 192) that indicate 
no evidence of the existence of any relationship between feeding power and 
the extent of the root system. In quartz sand cultures with rock phosphate 
as the source of phosphorus (84, 152, 154, 155, 192) much larger yields and 
a much higher percentage of P 2 0 B were obtained in the case of the legumes 
(peas and lupines) and also of buckwheat than of the cereals. In other 
words, in these experiments buckwheat — with a small root system — (145, 
146) utilizes rock phosphate better than the cereals which have, relatively, 
a very extensive root system. Parker’s data (139) are of interest in this 
connection. Comparing the absorption of sorghum and cotton under simi- 
lar conditions, it was found that the latter absorbed more than double the 
amount of ash constituents than the former. If, as the majority of field 
observations tend to indicate, sorghum has a more extensive root system 
than the tap-rooted cotton plants, differences in absorption of mineral con- 
stituents cannot, in Parker’s experiments, be attributed to differences in 
extent of root systems. On the other hand, Davis et al. (30) cite Newton’s 
experiments (120) to show that the extent of root system is an important 
factor in the absorption of ions from soil. This conclusion is based on 
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Newton's experiments in which peas and barley were grown together. 
Under these conditions the peas absorbed more calcium than barley from 
s&U cultures ; but there was no similar difference in solution cultures. It is 
argued, therefore, that if barley and peas differed considerably in extent 
of root system such results would be expected to follow. Data on the 
growth of the respective root systems, in these experiments are not given. 
In a later experiment (128) on the evolution of C0 2 from barley and peas, 
the dry weights of the roots of peas were found to be less than those of 
barley. Newton himself (128), however, is inclined to attribute these 
differences to the much larger respiration energy of peas over barley than 
to differences in the extent of root systems. But Hoagland (67) later 
pointed out that comparisons of extent of root systems have only a very 
limited value, because the general appearance and size of a root system is 
not necessarily an accurate index of the total active absorbing area. In 
this connection it is of interest to note that Russell (162) is of the opinion 
that the whole question of the supply of nutrients involves both root spread 
and replacement of ions, although no experimental evidence is cited. 

Consequently, views on the relation of extent of root system to feeding 
power are necessarily speculative until more critical data are forthcoming. 
The method of determining the actual absorbing surface such as that em- 
ployed by Dustman (37) and others is unquestionably the most accurate. 
A critical discussion of the relative merits of the various procedures has 
been given recently by Weaver and Himmel (202). 

F. The influence of other factors 
1. Permeability 

In an earlier paper (187) the writer has discussed some of the factors 
involved in “membrane” permeability. Until sufficient quantitative and 
qualitative data, obtained under rigid control of all the variables are avail- 
able it is improbable that views on the subject can be anything but specula- 
tive. Possibly, a satisfactory working hypothesis may be formulated only 
when data, based upon cataphoresis experiments, have accumulated from a 
wide variety of materials carrying no charge (99). The importance of 
securing more qualitative information is indicated by the interesting proper- 
ties of the phosphatide (R0 2 • C • CH 2 OH(C ■ R'0 2 )CH 2 0 • PO s H a ) isolated 
by Channon and Chibnall (22). It forms a fat-soluble calcium salt but 
a water-soluble sodium salt; and, accordingly, cell permeability could be 
conceived to be altered by a change in the proportion of calcium to sodium 
salts. 

From thermodynamic considerations and also from the kinetic theory 
it can be deduced that ionic pairs having the higher mobility will pass 
through a membrane in proportionally the greater quantity, and also thht 
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the permeability of an ion is increased by the introduction of another elec- 
trolyte possessing a common ion. Thus, many investigators (100) have 
found that the absorption of K from KC1 is increased by the addition of 
NaCl; and the effect of the NaCl has been shown to be dependent on the 
hydrogen-ion concentration of the medium. Since hydrogen and hydroxyl 
ions have the greatest velocity, the addition of acids (decrease of pH) will 
inmease the diffusion of anions; the addition of alkalies (increase of pH) 
that of cations (46, 47, 48) . 

The influence of the hydrogen-ion concentration of the medium on the 
absorption of weak acids and bases and their salts by living cells has been 
investigated by Jacobs (73, 74). The pH of the medium to which a cell 
is exposed was found to bear no necessary relation to the pH produced by 
that medium within the cell itself. The higher permeability of living 
membranes to undissociated acids and bases results in a higher physiological 
activity of weak acids and bases compared with stronger ones. Conditions 
favoring the formation of undissociated molecules, therefore, will promote 
their penetration into membranes to which they are permeable. The result 
of these influences may, as Loeb (100) has shown, be to modify the proper- 
ties of the cell wall in such a way as to accelerate the rate of diffusion of 
certain ions and retard the rate of diffusion of other ions. CaCl 2 and NaCl 
are important factors in causing such selective diffusion. 

From the practical standpoint it is interesting to note that Stoklasa 
(183) finds that different plants have different selective abilities towards 
cations and anions, respectively. The Gramineae, in his experiments, ab- 
sorb anions more than cations ; potatoes and beets more cations than anions ; 
legumes anions and cations equally. Of course, further confirmation of 
such results is necessary. 

2. Ion antagonism 

There is sufficient evidence to show that Ca and Mg, which precipitate 
sols, cause contraction and impermeability and that K and Na, which 
stabilize sols, cause relaxation on the one hand, and greater permeability 
on the other. The antagonistic effects between univalent and divalent 
cations in colloidal systems have been studied by Meulen and Bieman 
(113, 159), by Weises (203), and also by H$ber (71). Simms (173) has 
derived a mathematical expression for the antagonism between Na (or K) 
and Mg (or Ca) in true (pon-colloidal) solutions of oxalate. One might 
expect— -although it has hot been demonstrated — that the activity of pro- 
teins would show a similar antagonism:. 

It is essential, however,, for the investigators to keep in mind the fact 
that the effect of a mixture of two or more cations (or anions) on cell 
permeability may be quite different from the effect of one alone when the 
activity of the ions is due to different combining proportions of the cations 
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(or anions) in a mixture (such as the soil solution), in proportion to the 
relative combinations in solutions of each alone (174). Some of the prac- 
tical agricultural applications of ion antagonism between Ca and K have 
been investigated by Lipman et al. (98), by McCool and Weldon (106) 
and by Fonder (42). 

3. Gibbs-Donnan distribution law 

In systems containing a non-diffusible ion, a marked effect is observed 
on the unequal distribution of inorganic electrolytes on either side of the 
cell membrane. A non-diffusible electro-negative ion will produce a greater 
concentration of diffusible electro-positive ions and a lower concentration 
of electro-negative ions on its own side of the membrane than on the other. 
A non-diffusible electro-positive ion will produce the opposite effect. At 
equilibrium the product of the concentrations of each pair of oppositely 
charged diffusible ions is the same on either side (35, 36). The distribution 
of an electrolyte in such a system will be expressed by the equation : 

7 i y* /io\ 

Vi 2 V , 2 

where Xi and yi represent the amounts of cation and anion, respectively, 
within the membrane at equilibrium; and x a and y, the equilibrium 
amounts of the same pairs of ions in the external solution; v ( and v e the 
volume of the solvent on either side of the membrane. 

The importance that the Gibbs-Donnan distribution law may have in 
the equilibrium conditions and consequent selectivity of nutrients by plants 
has been mentioned by Hoagland (67), Pierre and Parker (148), and 
also by Briggs and Petrie (14). It will be recalled (187) that Parker 
(141) found that the displaced soil solution from many of the experimental 
fields in America were too low in inorganic phosphorus to support growth 
in the nutrient media when the phosphorus in these soil solutions was used 
as the source of phosphorus. One of the explanations offered by him to 
explain this anomaly is that a Donnan membrane equilibrium may exist, 
resulting in a higher concentration of phosphorus in the solution on the 
surface of the soil particles than in the soil solution itself. The mechanism 
involved has already been discussed by the writer (132, 187). But the 
exact experimental verification of Dqnnan’s law in the case of specific 
plant tissue is difficult, for it is impracticable to measure the xi, y 1( and v». 
accurately, since a calculation of the amount of ions absorbed by means of 
the difference between their concentration before and after equilibrium is 
reached does not take cognizance of the amounts of these ions already pres- 
ent in the tissue (14). Hence, extension of the methods of Osterhout 
(135) and of Osterhout and Dorcas (137) on the absorption of CO a by 
Valonia do not afford a basis for generalization, for even here the average . 
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concentration o t the ions in the cell, as a whole, is not considered but only 
that in the cell sap. 

As Briggs and Petbie ( 14 ) point out, in the plant cell we are dealing 
with a polyphase system. The Donnan equilibrium applies to free ions 
only. In the cell there is evidence that some of the ions are present as 
undissociated salts of proteins or other substances, or again some of the 
ions may be physically absorbed. We should expect, therefore, that the 
simple Donnan equation would not hold in such systems. That this is the 
case is apparent from the results of Briggs and Petrie’s experiments on 
the absorption of 0.1 M KC1 and NH 4 C1 from carrot tissues ( 14 ) and from 
Wright’s ( 214 ) work on the secretion of high amounts of calcium in milk 
from the relatively low concentration of this element in the blood plasma. 
The latter finds that both the degree of dissociation of the protein salts and 
the establishment of a Donnan equilibrium must be taken into account in 
explaining the inequalities of the products in the distribution of inorganic 
elements in living tissues, whereas the former ( 14 ) have deduced that the 
apparent ionic internal product, resulting from the collective effect of all 
the phases within the tissue, must have a higher value than that of the 
external media. Briggs and Petrie ( 14 ) point out that “the plant cell is 
not a simple system, composed of a mere membrane enclosing a homogene- 
ous solution, one of the ions of which is indiffusible ; there are at least three 
phases between which the ions may be distributed — the external medium, 
the cytoplasm, and the vacuoles. Within the cytoplasm also, and perhaps 
in the cell-sap, there are micelles, or gel-particles, which can constitute yet 
other phases.” 

Butkewitsch and Butkewitsgh ( 17 , 18 ) have advanced as a reason 
for the inequality of the products of the diffusible ions on each side of a 
membrane in systems containing a non-diffusible ion, that the degree of 
permeability of the plasma membrane is not the same in both directions. 
This has been shown to be the case by Wertheimer ( 204 , 205 ) for certain 
types of membranes. In such a case the equation of membrane equilibrium 
will contain, besides the concentration product of diffusible ions, a factor 
corresponding to the velocity of migration of the corresponding ionic pairs. 
Thus, if a solution, say of KC1, is separated by a membrane permeable in 
the two directions, we have 

x' K + K + z" 

y' CP Cl- y” 

P' * 

— p” 

x y v — x y p 


vhwe 
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where x and y represent the concentration of K and Cl ions and p a per- 
meability factor. 

By this means it can be calculated (17) that in Osterhout’s experi- 
ments on Valonia (134) the permeability of the plasma membrane for Na 
in one direction is one-fifth that in the opposite direction and in the ease 
of K the difference is 45 times. 

Within the limitations already discussed it is possible to interpret the 
experiments of Butkewitsch and Butkewitsch (17) on the influence of 
colloidal silicic acid upon the absorption of phosphorus by maize plants by 
Donnan’s principle. When small amounts of P s 0 5 are present, in the 
nutrient medium, growth and absolute amounts of P 2 O s increased by the 
additions of silicic acid in the nutrient medium ; but the percentage of P 2 0 5 
remained about the same. It follows that a functional replacement of 
P 2 0 5 by HjSiOj, in the plant does not occur, but that the favorable action 
of H 2 Si0g on the development of the plants is due to its effect in increasing 
the absorption of P 2 0 5 in a medium that contained minimum amounts of 
phosphorus for growth (189). 

4. The effect of differences in potential between 

SOIL AND PLANT 

Since the breaking down of carbohydrates sets free electromotive force, 
part of the energy stored in the plant must be electrical and used in 
growth. The work of Groh (49) is important. He attributes the differ- 
ent behavior of different plants toward different degrees of hydrogen-ion 
concentration in the medium to a difference in potential between the plant 
and soil solutions, which results in a decomposition of the nutrient mate- 
rial. This hypothesis is supported by the following experiment. Peas and 
also barley were grown in sand and also in soil cultures to which 
Ca(N0 3 ) 2 were added. During growth individual plants were connected 
with a galvanometer with one of the platinum electrodes immersed in the 
soil and the other connected to the plant. The E.M.F. produced varied 
with conditions — from 0.01 to 0.20 volts. The greater the distance from 
the roots, of the electrode connected to the plant, the greater the current 
registered. This shows that the difference of potential existing in the plant 
itself is much less than that existing between the plant and the soil. The 
degree of vegetative development apparently was not a large factor in de- 
termining the degree of the difference of potentials noted. Groh’s work, 
although of a preliminary nature, is suggestive and should be considered in 
connection with Osterhout’s (136) more refined work on the potential 
difference in Valonia and Nitello. 

The Pennsylvania State College. 
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ELECTRIC CORRELATION POTENTIALS IN THE LEAF OF 

BRYOPHYLLUM 
E. J. Lund and M. Bush 
(with three plates and nine figures) 

Introduction 

It has long been known that some forms of living tissues have the pecu- 
liar property of producing a continuous output of electrical energy under 
normal conditions of growth and development. These continuously existing 
differences of potential have been studied more extensively in plants than in 
animals by early investigators. Buff (3), Kunkel (7), Eleving (B), 
Buedon-Sanderson (4), and Muller-Hettlingen (14). Later Mathews 
(13) found that differences of potential occurred in hydroid stems of Tubu - 
laria, Pennaria, and Campanularia, and that the structural polarity of these 
hydroids was accompanied by electrical polarity. More recently, the mag- 
nitude. direction, and distribution of maintained electric potentials have 
been determined in the stem of Obelia, Lund (8) , and in onion roots, Lund 
and Kenyon (11). Later experiments showed a quantitative relation be- 
tween cell oxidation and continuously maintained bio-electric currents in 
such polar tissues as Obelia , frog skin, and roots, Lund (9) . These findings 
have led to the formulation of a theory which expresses the relation be- 
tween organic polarity, cell oxidation, and continuously maintained differ- 
ences of electric potential within the same cell or organism. In the onion 
root, Marsh (12) and in the Douglas fir and white fir, Lund (10), it has 
been demonstrated that each cell in any given length of tissue is the seat of 
an individual E. M. F. such that the potential difference which occurs be- 
tween two points on the tissue, represents an algebraic sum of all the indi- 
vidual E. M. F.’s of the cells in the region over which the potential is mea- 
sured. 

The following experiments were carried out for the purpose of extending 
the observations on continuously maintained differences of electric poten- 
tial to a diversity of living material, and to further test the principle of 
summation of E. M. F.’s. 

Plants, such as Coleus, Cosmos, and Bryophyllum, were used in prelimi- 
nary experiments, and all of them exhibited continuously maintained differ- 
ences of potential along the main axis. Bryophyllum was selected for- 
further experiments. This well-known plant furnishes especially interest- 
ing material because of its peculiar habit of producing shoots from growing 
points at the notches of the leaf after it is detached (plate V). 

In the experiments which follow, different pairs of points on the leaf 
were selected for measurement of potential difference in order to determine: 
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(1) whether continuous electric potentials were maintained between the 
growing points, (2) whether each growing point developed a potential inde- 
pendently of other growing points, and (3) whether the growing points dif- 
fered from other parts of the leaf in the development of inherent electric 
potential. The final problem was to determine whether or not evidence of 
algebraic summation of E. M. F.’s would be found in suitable preparations 
of the leaf. 

'' Experimental material consisted of potted plants of Bryophyllum in 
various stages of active, normal growth. 

Methods and apparatus 

Potentials were measured by a Leeds and Northrup hydrogen ion poten- 
tiometer. Headings were expressed in millivolts. The limit of accuracy 
under the conditions of the experiments was less than one millivolt. 

The arrangement of the apparatus is shown in plate VI. A moist cham- 
ber, A, was supported on a stand equipped with rack and pinion, F. In the 
center of the floor of the chamber was a paraffined cork on which the leaf 
preparation, L, rested during experiments. In the floor of the chamber 
were five perforations to admit the tubes from the electrode cups. 

The glass tubes from the electrode cups, D and E, were joined by rubber 
tubing to bent glass tubes, B and C, which ended at the tip in two claw-like 
glass projections. The claw fitted loosely over the growing point and in- 
sured a good water contact. If one contact was to be made at a surface of a 
leaf preparation, then a straight tip, with a capillary opening was used in- 
stead of the bent claw. The electrode cups were supported by means of spe- 
cial adjustable clamps which were attached to stands, G and H, each 
equipped with rack and pinion. The clamps and the rack and pinions facili- 
tated the adjustment of the contact tips. The electrode cups and tubes were 
filled with tap water which formed contacts with the leaf preparation. The 
water in the cups was kept level with that at the contact tips. 

Positive and negative electrodes, P and N, respectively, dipped into the 
cups as represented. The electrodes were of cadmium amalgam-CdS0 4 
type. 

The leads froin the electrodes passed to K which is a large paraffin block 
supported by a wooden block, and which contained six cups filled with mer- 
cury. The cups were connected by copper keys with sealing wax handles. 

The potential difference of the electrode system was measured each time 
and subtracted from the potential difference found when the leaf prepara- 
tion was in the circuit. It was necessary to take the measurement of the 
electrodes rather frequently, since the potential difference of the electrode 
system changed somewhat when ah experiment was carried on for several 
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hours. The variation was 0.5 to 1.5 millivolts in two or three hours when 
the CdS0 4 electrodes were used. 

After a leaf preparation was placed within the moist chamber, and the 
electrode tips were adjusted, a few minutes were allowed to elapse in order 
to permit the leaf preparation to recover from the stimulation which re- 
sulted from the cutting and the placing on the electrode contacts. Care was 
then taken not to touch the preparation during an experiment. Since the 
moist chamber, A, was lined with moist filter paper, the amount of water at 
the contacts remained constant. Any renewal or changing of the water at 
the contact “ stimulated” ( ?) the tissue at the point of contact. This was 
verified by making measurements of the potential difference before renew- 
ing a contact and immediately afterward. The latter showed a much greater 
variation and more rapid changes in potential than those before the contact 
was renewed. 

Experimental 

In preliminary experiments, measurements of difference of potential 
were made on Coleus, Cosmos, and Bryophyllum, particularly between dif- 
ferent points along the length of the stems. In order to measure the poten- 
tial from the entire stem, a little strand of wet cotton was placed around the 
stem at the level of measurement and contact was made with the cotton. 
The cotton also prevented the possibility of the electrode tip coming in con- 
tact with the stem and injuring or stimulating it. The older, basal, hard- 
ened parts of the stems of Cosmos and Bryophyllum show smaller differ- 
ences of potential than corresponding lengths of the newer, actively growing 
parts of the same stem. These observations are in agreement with the ob- 
servations on roots, the Oielia stem, and the Douglas fir. 

The special experiments which follow, were made with Bryophyllum 
leaves, or parts of leaves. 

1. Differences of potential between the petiole and selected points 

ON THE SURFACE OF THE LEAF BLADE 

Experiments were performed using the entire leaf and measuring the 
differences of potential between the distal part of the petiole and (1) each of 
four selected growing points (plate VII, fig. 1), and (2) each of four se- 
lected points on the ventral side of the leaf (plate VII, fig. 2). In each case 
these measurements were made while the leaf was attached to the plant, and 
again when the leaf was detached. The petiole was wrapped loosely with a 
little strand of wet cotton, and rested between the glass projections of the 
electrode tip. The results of these and following experiments are recorded 
by means of graphs. In these, the abscissa represents time in minutes and 
the ordinate represents readings in millivolts. In figures 1, 2, 3,. and 4 the 
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Fig. 1. Curves representing the P.D. ’s between the petiole and each one of four 
selected growing points while the leaf was attached to the plant. Curves 1, 2, 3, 4 corre- 
spond to the P.D. ’s between the points 1, 2, 3, 4, and the point on the petiole marked + 
in plate VII, 1. 

negative signs indicate that the growing points and the selected points on 
the lamina are negative to the distal part of the petiole. The numbers of the 
graphs correspond to the numbers of the points indicated in plate VII, fig- 
ures 1 and 2. 

Figure 1 represents the differences of potential between the distal petiole 
and each of four selected growing points, while the leaf was attached. Fig- 
ure 2 (a) represents the differences of potential between the same points 
immediately after the leaf was detached. Figure 2 (b) represents the dif- 
ferences of potential between the same points five days after the leaf was 
detached, when the growing points were beginning to sprout. 

The leaf removed showed greater variations than the same leaf on the 
plant. It showed somewhat greater differences of potential a short time 
after being detached than it did five days later. The temperature of the 
room was constant to within two degrees during these tests. 

Figure 3 represents the differences of potential between the distal part 
of the petiole and four selected points on the ventral side of the leaf, while 
the leaf was attached^ Note that the potential differences are less variable 
than those between the growing points and the petiole. Figure 4 represents 
differences of potentials between the same points after the leaf was de- 
tached. In this experiment also, the detached leaf showed an increase in 
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Fig* 2. o. Curves showing the P.D. ’s between the same points of the leaf as tlidsa in 
fig. 1, immediately after the leaf was detached, b. Same as a, but taken five days 
after the leaf was detached. Note the difference between the different points. 
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ventral side of the same leaf as that of figs. 1 and 2, while the leaf was 
attached to the plant. Compare with curves of fig. 1. 
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differences of potential and in variation, the room temperature being the 
same during the tests. 

These experiments show the petiole to be positive to the growing points 
and to points on the lamina. They also show that under what may be con- 
sidered constant external conditions (absence of external “stimulus”) the 
processes which develop the maintained electric potentials, change from 
instant to instant. In this respect they resemble the potentials in roots. 
The curves show that the potential differences between different growing 
points and the same point on the petiole are within certain limits indepen* 
dent variables. The curves clearly indicate that in general local processes 
determine the magnitude of local potentials, or, in other words, the observed 
potentials are the algebraic sum of a complex system of E. M. F.’s of diverse, 
internal, local origins. The results amplify and confirm the observations on 
roots, Obelia, and the Douglas fir. 

In previous work on electrical phenomena in plants and animal tissues it 
has been the practice to ignore electric potentials of the type referred to in 
this paper, if they were not overlooked. Often if such potentials were ob- 
served, an attempt was made to compensate for them by applying a counter 
electromotive force before the application of an external stimulus, the effects 
of which were the objects of the study. A typical example of such pro- 
cedure is found in the work by Fraseb (6). Here emphasis is therefore 
placed upon the fact that the causes of the observed variations are largely if 
not entirely within the tissue system itself. 

2. Differences of potential between two growing points on opposite 

SIDES OF A LEAF AND BETWEEN TWO ADJACENT GROWING POINTS 

A narrow strip of a leaf, containing two growing points from opposite 
sides of a leaf was prepared (plate VII, fig. 3). Figure 5, a and b, repre- 
sents the result of the readings from two such preparations. As shown by 
the graphs, the points were alternately positive and negative in relation to 
each other. The magnitude of potential at a growing point varied continu- 
ously so that, sometimes, one of the growing points had a greater potential, 
and was, therefore, positive to the second. Then, again, the second growing 
point showed a higher potential and became positive to the first. Zero indi- 
cated that the potentials of the two growing point systems were equal and 
oppositely directed and, consequently, there was no deflection of the gal- 
vanometer. 

A similar preparation was made, but instead of having the growing 
points connected by leaf tissue, they were connected by a water bridge (plate 
VII, fig. 4). The bridge consisted of a narrow piece of filter paper which 
prevented the water from spreading. In this preparation also, the growing 
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points alternated positive and negative as shown in figure 6. This experi- 
ment showed that the growing points were not dependent on each other in 
the development of potential, since they were not connected by leaf tissue. 

A preparation consisting of a narrow strip of leaf with two adjacent 
growing points was made (plate VII, fig. 5) and potential differences be- 
tween the two growing points were measured. The path of the circuit in 
this case was in the leaf tissue between the two growing points. Figure 7 
represents the results of a typical experiment. The potential of the growing 
points in this preparation also alternated positive and negative in relation 
to each other. 



Fio. 5. o. and i. Curves showing the P.D.’s between oppositely directed growing 
points of two different leaf preparations as shown in plate VII, 3. Note 
the spontaneous reversals of orientation of total & M. F. 
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Fig. 6. Carve showing the P.D. between two opposite oriented growing points when 
the tissue pieces were connected as shown in plate VII, 4. 
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Fro. 7. Curve showing variation and reversal of orientation of two adjacent growing 
points as shown in plate VII, 5. 
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3. Differences of electric potential between growing points and 

OTHER POINTS ON THE LEAF SURFACE 

In order to determine the relation of potentials of the growing points to 
the other parts of the leaf, measurements were made, (1) between a grow- 
ing point and a point on the lamina (plate VII, fig. 6) and (2) between a 
growing point and the tip of the adjacent lobe (plate VII, fig. 7) . Figure 8 

ff/Wro/fj 



Fio. 8. Curve of P.D. between a growing point and a point on the ventral side of the 
leaf as shown in plate VII, 6. Note that the growing point is not always positive. 

shows the results of one series of readings. The growing point was not al- 
ways positive to the point on the lamina. In the second series of measure- 
ments, represented by figure 9, the growing point was without exception 

M/Z/vofo 



Pie. 9. Carve of P.D. between a growing point and the tip of the lobe between two 
adjacent growing points as shown in plate VII, 7. See table I. 

positive to the tip of the adjacent lobe. Many measurements were made 
using this sort of preparation, four or five readings at fifteen minute inter- 
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vals were made on each one of these preparations, but no reading showed 
the growing point negative to the tip of the lobe. Results of these readings 
are given in ta&ie I. These results show without a single exception that the 
growing point develops an electric potential greater than, and independent 
of that produced by the surrounding tissue. 

TABLE 1 

Differences or potential in millivolts between a oho wing point and a point at the 

TIP or AN ADJACENT LOBE. SUCCESSIVE MEASUREMENTS ON THE SAMS LEAF 
STRIP TAKEN AT FIFTEEN MINUTE INTERVALS 


Preparation 


2 

3 

4 

5 

6 


+ 1.8 

+ 2.5 

+ 3.3 


+ 5.3 

+ 3.5 


+ 3.6 

+ 4.8 

+ 9.3 

+ 6.5 

+ 7.3 

+ 8.2 


+ 11.2 

+ 9.5 

+ 11.0 

+ 8.2 

+ 10.6 

HZZj 


+ 12.8 

+ 10.2 

+ 12.3 

+ 10.2 

+ 19.0 

+ 8.5 

Average 

+ 6.8 

+ 6.7 

+ 8.9 

+ 6.9 

+ 10.5 

+ 615 

Preparation 

7 

8 

9 

10 

11 

12 



+ 2.1 

+ 9.5 

+ 9.4 


+ 3.4 


+ 7.2 

+ 8.1 

+ 1.5 

+ 4.8 

+ 7.2 

+ 8.4 


+ 6.2 

+ 7.6 

+ 5.5 

+ 5.6 

+ 8.5 

+ 9.6 


+ 9.5 

+ 9.4 

+ 6.0 

+ 4.8 

+ 10.5 

+ 16.1 

Average 

+ 6.4 

+ 6.8 

+ 5.6 

+ 6.1 

+ 8.3 

+ 9.3 

Preparation 

13 

14 

15 

16 

17 

18 


+ 4.0 



+ 5.0 

+ .8 

+ 2.5 


+ 5.4 



+ 8.5 

+ 3.5 

+ 4.5 


+ 8.3 


+ 15.0 

+ 16.8 

+ 6.5 



+ 14.5 


+ 19.5 

+20.0 

+ 16.0 

+ 19.0 

Average 

+ 8.0 

+ 11.0 

+ 11.2 

+ 12.5 

+ 6.7 

+ 8.5 

Preparation 

19 

20 

21 

22 




+ 1.0 

+ 8.0 

+ 2.8 

+ 5.5 




+ 2.5 


+ 5.7 

+ 7.7 




+ 8.8 

+ 12.5 

+ 9.5 

+ 9.5 




+ 10.0 

+ 15.7 

+ 17.5 

+ 18.0 



Average 

+ 5.5 

+ 9.0 

+ 8.7 

+ 10.1 




• The numbers at the tops of the columns Indicate preparations (leaf strips). 
+ The + sigh that the growing point ia positive to the point on the lobe. 
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4. Evidence fob algebraic summation of E. M. F. ’s in a strip across a 

leaf of Bryophyllum 

In the first experiment, a preparation consisting of two growing points 
on opposite sides of the leaf, connected by a very narrow strip of leaf tissue 
was nsed (plate VII, fig. 8). The electrode tips with glass projections were 
fitted loosely at A and 0, and B rested between the glass projections. By 
trying out various combinations of positive and negative electrodes, it was 
found that A and C were each positive to B, and in this particular experi- 
ment, A was positive to C in all readings made. The measurements of dif- 
ference of potential between A and B, B and C, and A and C are given in 
table II. The readings for A-B and B-C were subtracted algebraically and 

TABLE II 

Potential differences in millivolts between two growing points on opposite sides 


OF A LEAF, CONNECTED BY A NARROW STRIP OF LEAF TISSUE. 

(Contacts as shown in plate iii, figure 8) 


PD 

A B 

+ 

PD 

B C 

+ 

Expected 

PD 

a r 

Observed 

PD 

A— — C 
+ 

Difference 
in millivolts 

+ 

+ 32.7 

-48.0 

-15.3 

- 10.5 

4.8 

+ 30.7 

-50.3 

-19.6 

-15.8 

3.8 

+ 27.0 

-43.7 

-16.7 

- 14.0 

2.7 

+ 32.3 

-41.1 

- 8.8 

-10.0 

1.2 

+ 30.3 

-37.1 

- 6.8 

-10.0 

3.2 

+ 29.5 

-42.7 

-13.2 

-18.0 

4.8 


the result was compared with the actual reading for A-C. According to our 
limit of error, the difference between the expected differences of potential 
and the observed difference of potential should not have been greater than 
two millivolts. Since the results showed an average difference of 3.1 milli- 
volts we may conclude that in this type of preparation, an exact summation 
did not occur. The differences were probably due to the fact that the elec- 
trode at B covered a relatively wide ami, and to the fact that the negative 
potential from the cut edges of the preparation was in part entering into 
the measurements. The central part of the strip was now replaced by a 
short water bridge (plate VII, fig. 9) . A straight electrode tip with a small 
opening supported the water bridge at B. This arrangement insured a 
constant potential at B. , Measurements were made as before. The growing 
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points A and C wore both positive to B and in the A-C measurements, C 
was positive to A. The readings taken are given in table III. At no time 
was the difference between the expected difference of potential and the ob- 
served difference of potential greater than the limit of error. The results 
of this experiment, therefore, illustrate in a simple way the possible condi- 
tion of summation of electromotive forces in cells of the leaf. 

TABLE III 

Potential differences in millivolts between two growing points on opposite sides 

Or THE LEAF, CONNECTED BT A WATER BRIDGE. (CONTACTS A8 
SHOWN IN PLATE m, FIGURE 9) 


A *R 

■r r 

Expected 

PD 

a n 

Observed 

PD 

Difference 

IN MILLIVOLTS 


+ 

+ 

+ 

+ 42.6 

- 22.5 

+ 20.1 

+ 19.5 

0.6 

+ 43.6 

-21.5 

+ 22.1 

+ 22.2 

0.1 

+ 43.2 

-24.6 

+ 18.6 

+ 20.2 

1.6 

+ 47 

-24.5 

+ 23.5 

+ 22.6 

0.9 

+ 42.8 

-21.6 

+ 21.2 

+ 20.5 

0.7 

+ 50.2 

-29.5 

+ 20.7 

+ 21.8 

1.1 

+ 47.8 

-22 

+ 25.8 

+ 25.2 

0.6 


Discussion 

The purpose of the foregoing experiments has been to present some of 
the general facts regarding the orientation, magnitude and variation of the 
inherent electric potentials in a leaf which possesses a system of growing 
points. The results show that the growing points on the leaf compose a 
dynamic system of individual electric polarities, whose variations in mag- 
nitude appear on the whole to be more or less independent of one another. 

The observed electromotive force is without doubt an algebraic sum of a 
diversity of individual potentials of definite local origins. The potentials in 
the Bryophyllum leaf are fundamentally like those which occur in other 
polar growing structures, where the principle of summation of E. M. P. 
definitely applies, Marsh (12), Lund (10). 

A study of the curves showing the simultaneous variations of potentials 
in different parts of the leaf and growing points forces the conclusion that 
in the leaf of Bryophyllum there exists a complex but characteristic system 
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of continuous electric currents of variable magnitude. The electrical energy 
of these currents is continuously dissipated and supplied from specific types 
of biochemical processes, probably cell oxidation (basal oxidation!) Lund 
(»). 

If the leaf of Bryophyllum were immersed in an electrically conducting 
medium, then in a limited manner the approximate distribution of such a 
system of currents could be visualized. The simplest types of such a natural 
condition are found in hydroids and roots immersed in their natural me- 
dium In aerial structures the pathways of the “return circuits” are of 
course not indicated by such experiments as those in the present paper nor 
those in previous papers on the Douglas fir. 

It has been suggested that the currents produced in the leaf may be 
photoelectric in origin. Many plants do produce photoelectric currents, in 
the production of which the activity of chloroplasts under the influence of 
light, plays a prominent part Walleb (15). These currents doubtless are 
related to plant metabolism in the process of carbohydrate manufacture by 
photosynthesis. The bioelectric currents in the experiments described in 
this paper are not photoelectric currents since they are produced in the dark 
as well as in light and since the points of highest potential are not the points 
of greatest photosynthetic activity in the leaf. 

In a study of the structure of the growing points of a leaf of Bryophyl- 
lum , Beals (1) found that the root and shoot arise from division of small 
phloem cells of the vein near the vegetative point in the leaf. This fact is 
particularly interesting since Bose (2) has suggested that the phloem is the 
electromotively active tissue of a plant under stimulation. Perhaps the 
phloem is a specialized tissue which produces, in addition to the meriste- 
matic tissues the continuous bioelectric currents associated with growth 
processes. 

Summary 

1. The experiments which have been described show that a complex sys- 
tem of measurable, inherent, and continuously maintained electric poten- 
tials exist in the leaf of Bryophyllum. 

2. In the experiments the distal part of the petiole was found to be posi- 
tive to growing points and to selected points on the lamina. 

3. Not all growing points are positive to' any points on the lamina of the 
leaf. A point on the lamina close to a growing point may be positive to 
another growing point. ; 

4. A growing point in the unstimulated condition was always positive to 
a point at the tip of the adjacent lobe. 

5. The experiments indicate definitely that the total E. M. F. in a trans- 
verse strip isolated from the leaf and having a growing point at each end of 
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the strip is equal to the algebraic sum of a complex system of E. M. F. ’a of 
individual cells of the strip. The results on the leaf of BryophyUum extend 
and confirm the observations on roots, Obtlia, and the Douglas fir. 
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PLATE Y 

Plate Y shows a horizontal section of a growing point from a leaf of J Bryophyllum 
x 310. The growing point is located in the angle of a notch of the leaf and is embedded 
in leaf tissue. No branch of the vascular bundle reaches the growing point directly but 
branches are given off on each side of the notch. A few cells in the meristem tissue 
show mitosis. Many of the cells in the surrounding tissue show deposits of starch. 
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PLATE VI 

Plate VI shows the arrangement of the apparatus with the wires leading to the key 
and to the potentiometer. Wires 1, 2, and 3 show possible electrode connections. These 
were used in the first five experiments when five electrodes were required to make the 
desired measurements. 
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PLATE VII 

Plate VII shows the various leaf preparations and the position of the electrodes. 
In figs. 8 and 9 the directions of the currents are shown. The positive and negative 
signs refer to the outside circuit. 







RESPIRATION OF APPLE TWIGS IN RELATION TO WINTER 

HARDINESS 1 

W. A. D e Long,® J . H . Beaumont,® and J . J. Willaman* 

(with seven figures) 

The cold resistance of woody plants has hitherto been studied mainly 
from the static viewpoint. The problem has been attacked, in most cases, 
either by means of chemical analysis of whole ground tissues of hardy and 
tender plants or by microscopic analysis of the tissue structure. 'A minor 
amount of study has been directed*towards microchemical determination of 
the distribution of food reserves within the tissues and the estimation of 
the seasonal changes in such food reserves. Some attention has also been 
devoted to measuring the amount of colloidal constituents and their degree 
of dispersion. 

Life phenomena are, however, dynamic in character, and one of the 
most fundamental properties of living matter is its reaction to stimuli, or 
irritability. The fact of irritability may be demonstrated by the applica- 
tion of the most diverse agents, as anaesthetics, electrical shock, and changes 
in temperature. One of the most delicate means of showing that stimu- 
lation is so produced is by measurement of the changes which occur in 
respiration as evidenced by the rate of consumption of oxygen or of evolu- 
tion of carbon dioxide. The present writers conceived the idea that respira- 
tion might throw some light on the phenomenon of winter hardiness in apple 
twigs. The present paper is a report of their findings. 

It seems best to proceed directly with the description of the experi- 
ments, and to mention pertinent literature in connection with the discussion 
of our results. 

Methods and apparatus 

C0 2 PRODUCTION 

The low temperatures desired were obtained by means of an ice-cream 
storage cabinet of the type described previously by us (3). Because of cer- 
tain difficulties in temperature control encountered in the application of the 
air-bath method previously described, an oil bath was substituted in the 
second year of the work on the present problem. To this end the individual 
chambers of the cabinet were supplied with galvanized, cans about one and 

i Published with the approval of the Director as Paper no. 922, Journal Series, 
Minn. Agr. Exp. Station. 

* Now at Acadia Univ., WolfviUe, Nova Scotia. 

« Now at North Carolina Agricultural Experiment Station, Raleigh. 

* Now with Rohm and Haas Co., Bristol, Pa. 
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one-half inches smaller in diameter than the chambers themselves and of 
such a height as to permit of the insertion into the top of the chamber of a 
cover carrying the necessary controls. These cans were filled with petro- 
leum distillate. A brass pump of the type ordinarily used in water thermo- 
stats was placed in each chamber to maintain circulation. Heat was sup- 
plied as necessary by 110 volt, 125 watt electric heaters of the knife-blade 
type. The heaters were activated by means of the Harvey thermo-regulator 
relay system previously described (3, fig. 4). The temperature of the oil 
baths was thereby maintained constant within a range of about 0.1° G. 

In all of the work presented here continuous aspiration was used, so as 
to avoid the effects of accumulated C0 2 previously emphasized ( 14 ). The 
carbon dioxide evolved was collected in absorption cells of the coil type 
alreadj described (3, fig. 6), and absorbed in approximately 0.2 N standard 
NaOH. The semi-closed gas circuit system of circulation activated by an 
electric blower, previously described (3, p. 494) was used in the preliminary 
work of the season of 1926-7. Later, a one-way flow with compressed air 
was used. 

In the case of the latter method the ingoing air was washed by passing 
through two consecutive absorption towers filled with 40 per cent. NaOH 
solution. These towers were fitted with absorption coils similar to those 
used in the measurement of the carbon dioxide evolved, with the exception 
that the central tube was lengthened at the lower end to the extent of about 
six inches in order that more pressure might be exerted upon the coil with- 
out forcing the air out at the bottom rather than up through the coil in the 
normal manner. This increase in length necessitated the use of larger con- 
tainers for the coils, that is, about 1000 cc. The rate of flow was about 18 
liters per hour through the washing tower, or 6 liters per hour for each of 
the three sets of absorption coils. The volume of the respiratory cells used 
being approximately 650 cc. when empty, or 450-550 cc. when filled with 
twigs, the rate of flow used assured a complete renewal of the gases in the 
system once every 10-15 minutes. For a carbon dioxide production of 100 
mg. per kilogram-hour, which was about the maximum found in the present 
studies, the concentration of CO* in the atmosphere surrounding the twigs 
would not be in excess of 0.2 per cent. 

After passing tlie washing towers, the air was led through a calcium 
chloride drying tower to prevent the freezing out of moisture at the low 
temperature points in the system. It was then passed over the samples of 
twigs and conducted thence to. the absorption coils, two of which were placed 
in series in order to ensure complete removal of the evolved carbon dioxide 
from the outgoing gases. . io far as possible all connections between the 
washing towers and the absorption cells were of copper tubing, the neeessary 
rubber tubing joints being made as short as conveniently possible. The effl- 
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ciency of the washing towers, and the tightness of the joints were tested at 
frequent intervals during the course of the work. This was done “by run- 
ning the empty apparatus exactly as when in use for periods of 20 hours or 
. more and determining the amount of carbon dioxide in the absorption cells 
at the end of that time. The average of all such blank runs was 0.04 mg. 
carbon dioxide per hour, which is well within the experimental error of the 
titration procedure for intervals of 10 hours or less. 

The twigs were plaeed in copper respiratory cells similar to those of 
glass previously described by us (3, fig. 2) with the exception that the inlet 
tube was not coiled but simply passed down one side of the cell, across the 
bottom, and up the other to near the top, where it entered. The tempera- 
ture within these cells was checked with a thermograph and found to be the 
same as that of the external bath, thus showing that the ingoing air was 
cooled to the desired extent during its passage through the straight inlet 
tube. As in the case of the glass containers, the outgoing gases were drawn 
off near the bottom of the cell. The top was closed with a heavy rubber 
stopper. 

The samples usually consisted of 30 one-year twigs. These were placed 
in the respiratory cells as soon as possible after removal from the tree, the 
interval from tree to cell being about 30 minutes on the average and rarely 
more than 35 minutes. The cells were then immersed in the oil bath of the 
desired temperature, connected to the washing towers and absorption cells, 
and aspiration commenced immediately. Before titration, the carbonate in 
the absorption cells was precipitated with 10 per cent. BaCl 2 solution and 
the residual NaOH immediately titrated with approximately 0.1 N standard 
solution of HC1, using phenolphthalein. The results are uniformly ex- 
pressed on the basis of the number of mg. of C0 2 produced per kilogram 
(fresh weight) of twigs per hour. 

Chemical analysis op twigs 

The twigs were ground in a motor-driven pencil sharpener immediately 
after removal from the designated storage chamber. The material, as soon 
as ground, was thoroughly mixed by shaking, and 25-gram samples with- 
drawn for analysis. These samples were weighed as quickly as possible on a 
balance accurate to 0.05 gram and immediately dropped into sufficient boil- 
ing 95 per cent, alcohol containing 0.2 gram calcium carbonate to malm a 
final concentration of approximately 80 per cent Heating was continued' 
for one-half to three-quarters of an hour. The ground wood was subse- 
quently extracted with aleohol in a Landsiedl extractor until a negative 
Molisch test was obtained. After making to volume the alcohol was removed 
from an aliquot by distillation under reduced pressure at a temperature of 
40-§D° C. After clearing with neutral lead acetate and removing the excess 
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lead with potassium oxalate, total and reducing sugars were determined on 
the aqueous filtrate. The Quisumbing-Thomas reduction method (11) was 
used and the reduced copper was estimated by permanganate titration after 
addition of saturated acid ferric sulphate solution according to the official 
methods of the Association of Official Agricultural Chemists. Aeid-hydro- 
lysable “starch” was determined on the alcohol-insoluble residue using the 
official method, except that reduction was carried out as indicated above. 

Respiration of excised twigs 

In all cases in this paper the term “respiration” should be considered 
as synonymous with “C0 2 output,” or “C0 2 evolution.” On account of 
the very great experimental difficulties encountered by Willaman and 
Beaumont (13) in their preliminary study of the respiration of apple twigs 
at low temperatures, in which measurement of the C0 2 production of twigs 
while still attached to the tree was attempted, it was decided to use only ex- 
cised twigs in the present investigation. Such being the case it became of 
importance to determine to what extent the wounding of the tw r igs in their 
removal from the tree affected the subsequent C0 2 production. To this end 
uniform samples of twigs were collected at different times, divided into two 
portions, one of which was aspirated as collected while the twigs of the sec- 
ond portion were first cut in two, thus giving three cut surfaces per twig in 
place of one. Assuming that the effect of the second cut was practically 
identical with that of the first, one-half the difference between the amounts 
of C0 2 evolved by the first and second portions of the sample would be equal 
to the amount liberated from the cut surfaces and produced as the result of 
wound stimulation. This proved to be a relatively small and fairly constant 
fraction of the total, namely, 5-8 per cent, as shown by the data presented 
in table I. 

Effect of change of temperature on the respiration rate. — When 
excised twigs are held at a constant temperature the rate of C0 2 evolution 
becomes fairly constant after 20 or 30 hours, but after 150 or 200 hours a 
steady decline is noticed. In this paper, however, we will deal with time 
■periods of less than 30 hours, and in this case we do not have an equilibrium 
rate. » 

Of the first two samples of twigs investigated, the one (A) was held 
at +6° C. and the other <B) at -2° C., and it Was found that while the 
respiratory level of (B) became relatively constant after the first few hours 
of aspiration, that of (A) continued to show a very appreciable falling off 
in rate even after 200 hours. It was then decided to reverse the tempera- 
tures of the two samples in order to determine the effect of small tempera- 
ture changes upon the intensity of respiration at this low level. The result 
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TABLE I 

JBjtect on carbon dioxide output or CUTTING TWIGS 


Variety 

No. or 

CUTS 

Date 

Total 

CO, 

CO, PER 
Kg. 

Dhter- 

ENCE 

Total GO„ 

DUE TO 
ONE CUT 




mg. 

mg. 

per cent 

per cent 

Duchess 

One 

Feb. 29 

194 

916 




Two 


197 

1019 

+ 11.2 

5.6 

Florence 

One 

March 4 

195 

1269 




Two 


250 

1446 j 

+ 14.0 

7.0 

Hibernal 

One 

March 14 

134 

789 




Two 


152 

919 

+ 16.5 

8.25 

Hibernal 

One 

March 24 

409 

2601 




Two 


449 

2948 

+ 13.4 

6.7 

Hibernal* 

One 

March 31 

58 

378 




Two 


66 

416 

+ 10.2 

5.1 


Mean difference (per cent.) 6.53 ± 0.26 


* Aspiration at -10° C. All the preceding determinations were made at +6° C. 



Ti*c tn Hoars 

Pig. 1. Output of CO, by apple twigs at 6° CL after storage at -2° C. SoHd dots rep- 
. resent measurements at - 2° and circles those at 6° C. 













PLANT PHYSIOLOGY 


m 

of changing sample (B) from -2° G. to +6° 0. is represented graphically 
in fig. 1, a conclusive demonstration that small upward variations in tem- 
perature within this range were capable of greatly accelerating this respira- 
tory rate. On the other hand, changing the temperature of sample (A) 
from + 6 P C. to - 2° G. merely caused the rate of respiration to fall to a 
level practically identical with that previously exhibited by sample (B) at 
that temperature. 

These results were repeatedly confirmed. Fig. 2 contains representative 
curves of respiration over periods of 90 hours, when the temperature of 



Tint In Hours 

Fla. 2. Output of CO, by apple twigs at three lower temperatures after storage 

above 0° 0. 

the respiration period is lower than that of the previous period. It will be 
seen that there is an immediate falling off in C0 2 output, with a tendency 
to assume a level after some time. On the contrary, when the temperature 
of the experimental period is higher than that of the previous period, the 
G0 2 production always rises to a peak within a few hours, and then declines 
to a more or less constant value. Furthermore, the lower the previous tem- 
perature, the greater is the peak production. This is illustrated in fig. 3. 

If this phenomenon obtains generally, it is obvious that, in attempting 
to determine the respiratory rate of plant material, cognizance must be 
token of its previous temperature history. We thought that one way of 
determining whether this is the case would be to take samples at intervals 
during the winter, noting' the temperatures during the previous 24 hours, 
and measuring the rate -of G0 2 production at 6° C., which temperature 
would be higher than that of the orchard for all samples. 
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Time n Hour* 

Pig. 3. Output of CO, by apple twigs at 6° C. after storage at - 10° C., - 6° C., and 
-2° C., respectively, for about 90 hours. 

A series of 64 samples was taken from Dec. 21, 1927, to April 15, 1928. 
After placing in the respiration chamber the C0 2 was swept out continu- 
ously and measured every one or two hours until the peak was passed. 
The data will be presented in two groups. The first involves 8 samples 
taken during a period of unusual change in temperature. They are pre- 
sented in fig. 4. The maximum rate of C0 2 production is plotted for each 
sample. These curves are clearly the mirror images of each other. This 
means, of course, that the lower the temperature previous to the period at 
6° C., the greater is the C0 2 production at that temperature. The second 
group includes all the samples secured during the whole winter period. 
The results were analyzed statistically. 

. The biometrical constants determined are summarized in table II. In 
this table the letters A, B, C, D, E, F, G, and B have the following 
significance; 

A =the temperature in the orchard at the time of collection. 

B = the maximum temperature attained on the day of collection. 
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0 =the. minimum temperature attained on the day of collection. 

D= the rate of carbon dioxide production (in milligrams per kilogram- 
hour) during the first hour of aspiration. 

E =the maximum rate of carbon dioxide production attained (milli- 
grams per kilogram-hour). 

P =the total amount of carbon dioxide produced in the first twenty-four 
hours of aspiration (milligrams per kilogram). 

G = the rate in milligrams per kilogram-hour for the second and third 
hours of aspiration. 

R = the total amount (F) of carbon dioxide produced in twenty-four 
hours minus the amount produced in the first hour (D) in milli- 
grams per kilogram. 


❖ 

* * 

il 

5 s' 




tr ' 


b--o 


•301 



December foiwry 

Fm. 4. Effect of orchard temperatures on rate of CO, output by apple twigs. 
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It should be noted that in the case of the temperature values a uniform 
increment of thirty degrees was added. By this means all temperature 
readings were raised to positive values. 

In the calculation of the biometrical constants reported the following 
formulae were used : 

Mean = S (X)/N. 

Standard deviation = \/S(X) */N - X 2 . 

Coefficient of correlation = 

SxSy 

Coefficient of correlation of a part to the remainder of the whole,* or 

S(XY)-S(X)7N-lY 
*xy _ — . 

SxSy 

(Note: This was used only in the case of the correlation coefficient 
for DR.) __ 

Probable error or mean = 0.6745 • s x V N. 

Probable error of correlation coefficient = 0.6745 • (1 -r 2 )/yN. 

In these formulae the letters have the significance : S = summation, X = 
the values of one variable, Y = the values of the other variable, N = the num- 
ber of observation, r = the coefficient, s = the standard deviation, X and 
Y the means of the respective variables. 

TABLE II 

Relation between CO, output and previous environmental conditions. 

For explanation or symbols see text 


Mean 

Standard deviation 

Correlation coefficient - 

A 

23.127 

7.144 

AD 

-0.049 ±0.084 




AE 

- 0.458 -+- 0.067 




AP 

— 0.424 *+* 0.069 

B 

27.195 

7.342 

BD 

- 0.078 0.084 




BE 

-0.432 ±0.069 




BP 

-0.399 ±0.071 

C 

19.469 

7.458 

CD 

- 0.121 ■+• 0.083 




CE 

- 0.525 ■+• 0.061 




CP 

,, -0.490 ± 0.064 

D 

aft d9.n -+■ i Sfia 

14.764 

DE 

+0.751 ±0.037 

E 

53.456-+- 1.140 

13.528 

CE 

+ 0.857 ■+■ 0.022 

y 

1175.453 ± 24.351 

288.809 

DB 



* The writers are indebted for permission to make use of this formula to Ike origi- 
nator,. Dr. J. A. Harris, late Professor of Botany, University of Minnesota. • . 
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The results obtained support the conclusion that the rate of respiration 
is proportional to the increase in temperature to which the twigs are sub- 
jected when they are brought from the orchard to the respiration chamber. 
In addition, another very interesting and important relation is revealed. 
Thus it is found that a very good correlation exists between the rate of 
carbon dioxide production in the first few hours of aspiration and the 
maximum carbon dioxide production attained. The existence of this cor- 
relation indicates that in the comparison of the respiration of hardy and 
tender varieties of apple it is necessary to make determinations during only 
the first four or five hours. 

Of the three temperature values, the minimum gives a better correlation 
with both the initial and maximum rates, and also with the total produc- 
tion of carbon dioxide, than either the temperature at the time of sampling 
or the maximum temperature of the day. This was to be expeeted from the 
observations above on the influence of extent of elevation of temperature 
upon carbon dioxide evolution. This is further supported by the fact that 
the sampling temperature, which was lower than the daily maximum (since 
the collections were made in the morning), shows a better correlation with 
both the maximum rate and the total for 24 hours than does the maximum. 
It is noteworthy also that the correlation of all temperatures with the 
maximum, rate of carbon dioxide production is higher than with the initial 
rate or the total in twenty-four hours. In other words, so far as the effect 
of temperature is concerned the maximum rate is the most significant 
measurement. However, as shown by r DE there is a significant relation of 
the initial to the maximum rate, a relation which it is not unlikely a refine- 
ment of technique would show to be more pronounced than is here indi- 
cated. Thus, under the experimental conditions adopted, the measurement 
of the initial rate has been the least accurate of any of the observations 
made, by reason of the facts that the initial hour was, as a rule, the shortest 
time interval over which measurements were made, that the amount of 
carbon dioxide evolved during the first hour was usually less than that 
given off at any subsequent hour under observation, and that an hour or 
two was required to bring the twigs to 6° C. In addition, the maximum 
rate measured is at, best only an approximation, especially when the rise and 
fall in carbon dioxide production is rapid.- Early experience showed that 
a maximum rate could be expected to occur in the -vicinity of the 8th to 10th 
hours. Accordingly, readings were taken more frequently up to this point 
than later; nevertheless, no claim can be made that the true peak of the 
curve was more than approximately located. 

It is our opinion, therefore, that the actual correlation between the 
initial rate and the maximum attained is considerably higher than that 
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actually found, and that a refined technique might make possible the use 
of a shorter observational period, possibly as low as four hours. 

Before offering an explanation of the above results, it might be desirable 
.to summarize them in concise form: (1) When twigs are brought from a 
lower to a higher temperature for the measurement of CO a production, 
the latter rises to a peak and then declines to a more or less constant value. 

(2) The lower the previous temperature, the greater is the peak value. 

(3) The latter principle holds not only for excised twigs in storage, but for 
twigs on the trees. 

Two possible explanations of the above phenomena occur to us. They 
may be stated as follows : (1) When plant tissues are subjected to the action 
of low temperatures very considerable changes occur in the tissue-water 
equilibrium. It is a generally accepted fact that at temperatures below 
0° C. ice crystals are formed, not within the individual cells, but in the 
adjoining intercellular spaces. This withdrawal of water from living 
tissues must occasion far-reaching disturbances of cellular chemical equi- 
libria and of physical organization. It is accordingly suggested that the 
apparent increase in carbon dioxide production observed to follow the 
elevation in temperature of apple twigs from levels below to levels above 
0° C. is primarily the result of a temporary stimulation of carbon dioxide 
production resulting from that derangement of the tissue-water equilib- 
rium. Examples of such low temperature effects upon chemical equilibria 
within living tissues are the well-known accumulation of sugar in potato 
tubers, and the increased production of lactic acid in the living muscle of 
the frog at -2° to -3° C. The postulated stimulation of carbon dioxide 
production in apple twigs may then be explained as the result of the in- 
creased effective concentration of respiratory substrate within the cells 
following withdrawal of water to the intercellular spaces. Another con- 
tributing factor may be increased hydrogen-ion concentration following 
accumulation of carbon dioxide. 

The observed differences between twigs from hardy and from tender 
varieties of the apple may, on the basis of the above hypothesis, be related 
directly to the possession by the former of hydrophilic colloids in greater 
amount, or of more intense imbibitional capacity. On this assumption the 
water loss from the cells of hardy twigs would be less, and, consequently, 
the disturbance of normal cellular equilibria correspondingly less, than in 
the cells of the tender twigs. That is to say, the hardy twigs are more 
stable or less irritable than twigs of more tender varieties. Further, the 
return of water to the cells and the resumption of more or less normal 
metabolism would be more rapid in the case of the former than in that of 
the latter, a factor conceivably of importance in determining the survival 
of tissues under rigorous climatic conditions. . ' 
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(2) Another possibility is that we are dealing here simply with the 
solution of C0 2 in the twig sap. This gas is increasingly soluble in aqueous 
media at decreasing temperatures. Therefore, the peak of C0 2 evolution 
represents the greater solubility of the gas at the previous lower tempera- 
ture than at the temperature of measurement. Conversely, when measure- 
ment is made at a lower temperature than that of the storage, the resultant 
time curve represents the establishment of an equilibrium between the 
solubility of C0 2 in the tissue and its diffusion into the outer atmosphere. 
Evidence favoring this conception is offered in the article following this 
(15). It consists in measuring the dissolved C0 2 of twigs by submerging 
the latter in boiling alcohol in a closed system and distilling out the C0 2 
under vacuum. The C0 2 is completely removed in an hour or so, and it is 
demonstrable that the amount of the dissolved gas varies inversely with the 
temperature, and that this is roughly of the same magnitude as that con- 
tained in the peak of the curves in this paper. This method had not been 
devised at the time the measurements in this paper were made ; hence, it is 
utilized here merely as a possible explanation of the observed facts. 

Relation op C0 2 production to winter hardiness 

A number of varieties of apple known to be of varying degrees of 
hardiness have been compared in respect to the evolution of C0 2 at 6° C. 
Only samples collected on the same day and so far as possible subjected to 
identical conditions subsequent- to removal from the tree have been com- 
pared directly. Twigs obtained from several different sources and pos- 
sessing correspondingly variant histories as noted below were utilized. 

On January 19, 1928, samples of one-year twigs of Hibernal, Duchess, 
Charlamoff, McIntosh, Haralson and Jonathan were collected at the Uni- 
versity Fruit Breeding Farm. These twigs were taken between the hours 
of 11 A. M. and 2 P. M., tied in bundles, and kept at a temperature as near 
as possible to that obtaining in the orchard on that date until received at 
University Farm, when they were placed in a cold storage room in which 
the temperature was maintained at 0° C. ± 2°. Samples were taken for 
measurement at intervals during the period January 21-31. That the 
respiratory power of the material did not vary greatly during this period is 
indicated by the results obtained with Hibernal (table III). The results 
obtained in the comparison of these different varieties are presented in 
fig. 5, the curves in which are based either upon single determinations or 
the average of two or*more determinations, as follows: 

Beaumont and Hildreth liave devised a system of evaluating the 
amount of winter injury in apple twigs, by the degree of browning in cer- 
tain, specific regions of the twigs. By means of this they have been able to 
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Fig. 5. CO, output of 6 varieties of apple twigs of varying degrees of winter hardiness. 

TABLE IV 

Detebminations used in no. 5 


Variety 

h 

NO. SAMPLES 

Date Determined 

Average weight 
or SAMPLES 

Haralson 

3 

Jan. 24, 26, and 81 

129 

Duchess 

1 

Jan. 21 

126 

Charlamoff 

2 

Jan. 21 and 24 

131 

McIntosh 

2 

' Jan. 27 and 20 

114 

Haralson 

3 

Jan. 20, 27 and 29 

91 

Jonathan 

1 

Jan. 31 

136 
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assign definite numerical hardiness values by which the varieties may be 
compared. Table V contains their values.* The lowest values indicate 
least browning and hence greatest hardiness. 

It will be seen that the order of magnitude of C0 2 production in fig. 5 
is the asnift as the order of hardiness for these 6 varieties. Thus the hardi- 
est varieties evolve the least C0 2 under the conditions of measurement, and 
the tenderest evolve the most. Not only is the serial order the same, but 
the quantitative relations are rather regular; thus the hardiness values 
of the 6 varieties in fig. 5 from bottom to top are 6, 8, 10, 12, 16, and 24. 

TABLE V 

Beaumont and Hildreth’s hardiness values tor apple varieties 


Variety 

Average Browning 
fob 4 YEARS — 
1924-1928 

Average Browning 

FOR 3 YEARS — 

1924-1927 

Dolgo - 

2.0 

2.3 

Hibernal 

7.0 

6.0 

Oldenburg (Duchess) 

7.0 

7.7 

Charlamoff 


10.0 

Patten 

. 11.8 

11.0 

Haralson 

14.5 

12.0 

Wealthy 

15.5 

12.7 

Anisim 


14.0 

McIntosh 

21.2 

15.7 

Minnehaha 

20.5 

17.0 

Fameuse 

22.2 

16.3 

Cortland 


18.3 

Salome 


19.3 

Delicious 

25.0 

20.0 

Wolf River 

26.8 

21.0 

Winesap ....... 

29.0 

22.0 

Jonathan 

28.5 

23.7 

Ben Davis 

28.5 

24.0 

Sugar Loaf 


24.7 

King David 


25.7 

Lansingburg 


25.7 

Yellow Belleflower 


30.3 

Tompkins King 


36.3 


These results are contrary to the preliminary measurements of Willa- 
man and Beaumont on Charlamoff and Delicious (13), in which the hardier 
seemed to emit more C0 2 than the tender. The explanation is that at the 
time those measurements were made we did not realize the very great effect 

* Although these values have sot been hitherto published, a description of the method 
of arriving at the values is given by B. H. Wilson in Sci. Agr. 10j S98-608.' 1930. . * 
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of tiie previous temperature. The two varieties were measured alternately 
and no attention paid to the temperature previous to each measurement 
We can see now that this fact could completely jeopardize any varietal 
differences. 

Since examination showed that considerable winter injury had already 
occurred in certain of the samples reported on above, as indicated by the 
“browning test,” particularly in McIntosh, Haralson, and Jonathan, it ap- 
peared possible that the increased CO* production shown by these -varieties 
over that of the more hardy sorts might be the result of this winter injury 
rather than due to any inherent difference in respiratory power. Accord- 
ingly, samples of Bed Duchess and Delicious, in which practically no frost 
injury could be detected, were obtained from the tubbed breeding stock in 
the cold storage cellar at the Fruit-breeding Farm. These samples were 
taken on February 10th, held in the cold cellar of the Horticultural Build- 
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ing at University Farm over-night at a temperature of about 5° C., and 
then, on the morning of February 11th, subjected to a temperature of 
- 15° C. for tWb hours before aspiration was commenced. The temperature 
changes occurring subsequent to removal of these twigs from the long-con- 
tinued even temperature of the storage cellar at the-Fruit Farm probably 
account for the relative high rate of carbon dioxide production found in 
both these samples. No more of this material was available. Consequently, 
after twenty-four hours’ aspiration the twigs were replaced in the storage 
room at - 15° C., where they were held for seven days. At the end of this 
time they were again aspirated at 6° C. for a second twenty-four, hour 
period. The results obtained are shown in fig. 6. It will be noted that the 
respiratory level has been raised by holding at - 15° C. in the case of both 
varieties, but that the relative difference between the hardy Duchess and 
the tender Delicious has not been materially altered. It is therefore con- 
sidered that the differences shown in fig. 6, as well as in fig. 7, are due to 
inherent varietal qualities rather than to low temperature injury. 

Further data respecting the relative rates of carbon dioxide production 
in hardy and tender varieties were obtained on materials of a more re- 
stricted range in hardiness, none of which showed appreciable injury. 
Such was the case for the comparison of Patten with Duchess of Oldenberg, 
and Florence with Hibernal, the former variety in each instance being the 
less hardy. Samples were taken on 4 different dates for the first pair and 
on 5 for the second. The data for the various samples were averaged, and 



Fig. 7. Comparison of CO, output of varieties differing in hardiness. 
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are presented in fig. 7. The mean difference frith its probable error, the 
standard deviation, and the deviation from a random distribution were 
calculated for these data, and found to be as follows: 

♦TABLE VI 

Statistical study or dhtebencxs between non-habdy and basdy Amass 


Varieties 

Mean difference 

Standard devia- 
tion OF DIFFERENCE 

' Deviation from 

RANDOM DISTRI- 
BUTION 

Florence-Hibernal 

± 5.4903 ± 0.6494 

5.3605 

-I- 9.6 ± 1.8777 

Patten-Oldenburg 

± 5.9425 ± 0.4088 

4.0408 

+ 18.0 ± 2.2483 


For the first two varieties the mean difference is thus seen to be more than 
eight times its probable error, while the deviation from a random distribu- 
tion is more than five times as great as the probable error. In the case of 
Patten and Duchess the differences are even more significant, the corre- 
sponding values being nearly fifteen and more than eight times their prob- 
able errors, respectively. 

We were able to make still another comparison of varieties during the 
winter of 1928-9. Eleven varieties were secured at the University of Min- 
nesota Fruit Breeding Farm on Dec. 28, stored at - 15° C., and analyzed 
during the next few days. The data secured are given in table VII. Be- 
fore placing in the respiration chamber the twigs in series A were kept at 
20-23° C. Those in series B were placed in the chamber directly from the 
storage chamber. Because of the small number of samples it was not con- 
sidered feasible to calculate the ordinary coefficient of correlation, hence 
that by rank was used, according to the formula r = 1 - 6 (SD\)/n 8 - n. 

Although in series A the agreement between hardiness and C0 2 pro- 
duction is only fair, that in series B is very good, and they both indicate 
the same relation in the samples of the previous winter. We therefore feel 
justified in concluding in general that the hardier an apple variety, the 
lower its intensity of C0 2 production under the experimental conditions 
described. f 

The question immediately arises as to whether -the solubility of C0 2 in 
the twig sap can be invoked here also in explanation of these facts. Evi- 
dence is presented in thjjpollowing. paper by Willauan and Brown (15) 
that such may Jbe Hie ease: these varieties differ in their content of dis- 
solved CO a in the same order as their hardiness, and in quantities com- 
parable to the^peaks in C0 2 curves shown above. 
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TABLE VII 

CO, OUTPUT or APPLE TWIOS AT 6° C. DURING FIRST SIX HOURS 


Variety 

Hardiness 

VALUE* 

Serial 
order or 

HARDINESS 

A 

B 

Thawed before 

PLACING IN 
THERMOSTAT** 

Not THAWED 

CO, PER 
KG. 

Serial 

ORDER 

CO, PER 
KG. 

Serial 

ORDER 




mg. 


mg. 


Hibernal 

6 

1 

88 

3 

106 

2 

Duchess - 

8 

2 

80 

1 

98 

1 

Patten 

11 

3 

105 

8 

133 

4 

Haralson 

12 

4 

97 

7 

140 

7 

Wealthy 

13 

5 

90 

5 

138 

6 

McIntosh 

16 

6 

91 

6 

137 

5 

Fameuse 

10 

7 

88 

^ ! 

126 

3 

Wolf Biver 

21 

8 

81 

2 

154 

8 

Jonathan 

24 

9 

128 

10 

175 

9 

Sugar Loaf 

25 

10 

119 

9 

212 

10 

Lyman Perfect*** 



93 






* Beaumont and Hildreth. 

** Kept in laboratory for 30 minutes. 

## * Not listed by Beaumont and Hildreth. 

Coefficient of correlation (by rank) between tenderness and CO, output: — 

r A = + 0.478 ±0.172 
r„=+ 0.818 ±0.074 

Changes in composition of excised twigs 

It seemed desirable to determine to what extent chemical changes were 
occurring in the twigs under the experimental conditions used. Analytical 
results on a number of samples under various storage conditions are given 
in table VIII. The averages of the changes in composition at each tem- 
perature were calculated to a basis of 10 day periods, and are given in 
table IX. 

No striking changes in composition occurred. Nevertheless, certain 
tendencies are apparent, which may be summarized as follows: (1) The 
moisture losses are not great. (2) With aspiration, there is a slight gain 
in starch and a loss in sugars. (3) Without aspiration there is not much 
change in starch, and a gain in sugars. (4) In oilier Words, the accumula- 
tion of C0 2 in the air around the twigs, and hence its presumed accumula- 
tion in the tissues, causes an accumulation of sugar in the tissue, either 
because of reduced respiration, or because of a changed equilibrium be- 
tween starch and sugar. 
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TABLE IX 

Chakos nr composition or apple twigs pee 10 day periods under various 

STORAGE CONDITIONS 


Dr? matter basis 


Constituents 

With aspiration 

Without aspiration 

: 

— 2° C. 

-6° C. 

-10° C. 

-2° C. 

— 6° C. 

BBS 

Starch 

per cent, 

+ 0.54 

per cent. 

' +0.44 

per oent. 

+ 0.47 

per cent . 
-0.30 

per cent. 

+ 0.11 

per cent . 

+ 0.16 

Reducing sugars... 

-0.27 

-0.15 

-0.19 

+ 0.85 

+ 0.38 

+ 0.26 

Total sugars 

- 0.43 

-0.53 

-0.69 

+ 3.01 

+ 0.86 

+ 1.46 

Moisture 

- 1.50 

1 

-1.50 

-0.43 

-2.70 

-2.50 

-1.20 



These results cannot be emphasized strongly, because of the limited 
number of samples and the rather small differences in composition. Never- 
theless, they are suggestive and are included here partly to augment the 
very sparse published analyses of apple twigs. 

Discussion 

It has been shown that storage of apple twigs at lower temperatures, 
followed by their elevation to a higher temperature, gives rise temporarily 
to a considerable increase in rate of C0 2 output. Furthermore, the rate at 
the higher temperature is greater, the lower the previous temperature of 
storage. The same facts obtain when twigs are not taken from storage, but 
measured immediately after taking from the tree. It has also been shown 
that the hardier varieties respond to such variations in temperature to a 
less degree than the tenderer. We have shown in another paper that the 
CO* dissolved in the twig tissue can probably account for most of this 
temporary flush, and that the quantity of this dissolved C0 2 is propor- 
tional to the tenderness of the variety. 

These findings agree with many of the observations found in the litera- 
ture of plant respiration. In 1885 De h & b ain and Maquenne (2) first 
called attention to the C0 2 dissolved in plant sap and to its possible effect 
on respiration measurements. Later Maquenne (6) attempted to remove 
this C0 2 by evacuation, but waB only partly successful. Simon (12) has 
measured the CO* production of excised twigs of beech, red oak, basswood, 
and horse chestnut. The twigs were brought from various outdoor tem- 
peratures to 22.5° C. for measurement, and Simon noted that the lower 
the previous temperature;' the greater was the production of CO* during 
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the early part of the measurement period. This effect was so pronounced 
that he extended his measurements over a period of seven days in' order to 
avoid that temporary flush. 

Increasing the temperature within the range of normal growth has 
frequently been observed to produce a temporary increase in CO, evolution. 
A very definite effect of this nature was early noted by MOller-Thurgau 
(8) in potato tubers, and has since been reported for many other types 
of tissue, as, for example, etiolated shoots of View fdba (Palladin, 10), 
gladiolus bulb (Zaleski, 16), and possibly sweet potato tubers (Johnstone, 
6) and bananas (Olney, 9). ' 

In the case of the sweet potatoes the tubers were stored at 15-20° C. 
for some time and then brought to 25° C. for CO, measurement. The 
curves show a peak at about the tenth day, followed by a decline to a 
constant level for another 20 or 30 days. The author says, “The slight 
increase in respiration shown by the curves on the fourth to seventh days 
is undoubtedly due to transferring the sweet potatoes to the higher tem- 
perature for respiration determination, but cured sweet potatoes do not 
respond so readily to such a change as uncured.” This statement does not, 
of course, explain the temporary flush of CO,. We cannot readily see how 
this peak could be due to dissolved CO, accumulated at the lower tempera- 
ture, because it requires seven to ten days for dissipation. In the ease 
of the bananas the respiration curves have a shape very similar to those 
of apple twigs ; but again the peak comes during the second to fourth days. 
It is possible that in each case we are dealing with the slow evolution of 
dissolved CO„ and that the thickness of the tissue, its wateriness and its 
solvent power for CO, determine the time required for an equilibrium to 
be established at a higher temperature. It might be mentioned here that, 
when twigs are submerged in boiling alcohol and evacuated, an hour and 
a half is required for complete removal of the dissolved CO,; hence 5 to 
10 days might be a plausible period for this purpose in a tissue like sweet- 
potato tubers, with only the normal circumstances for diffusion of the gas. 

Respiratory activity in winter cereals has been more recently studied 
by Govorov ( 4 ) and by Martin (7). The former found that in winter 
wheat and rye the amount of CO, liberated was 300 and 800 mg. per hour 
per kilo of dry weight at 3° C. He also found that spring wheat and 
spring rye, under the same conditions, gave oft considerably larger quan- 
tities of carbon dioxide, namely, 1800 and 1700 mg. respectively. It should 
be noted that the roots of these plants were removed prior to the determina- 
tion of the respiratory rate, and also that during the twelve hours previous 
to this operation, the plants had been maintained at 0° C. The stimulation 
resulting from the wounding incident to the removal of the roots, and 
from the rise in temperature, may therefore be assumed to be, in part at 
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least, responsible fear the fact that these results are considerably higher 
than those reported by Martin for similar material. The latter has deter- 
mined the respiration of a number of varieties of winter and spring wheat 
and of rye at still lower temperatures. Mis results may be summarised as 
follows : 


Milligrams CO a per kilogram of dry weight per hour 



At 0° 

At -5° 

At - 10° 

Wheat 

Bye - 



182.5-259.3 

516.9 

141.3-188.6 

165.8 

50.3-127.0 

70.8 


In accordance with the results of Govorov, the hardier varieties were found 
to evolve less carbon dioxide than those less resistant to low temperatures, 
particularly at - 10°. The relation between wheat and rye at 0° is also 
similar to that found by Govorov. 

It should be noted that Martin used the same plants for the determina- 
tion of the respiratory activity at the different temperatures and proceeded 
from the higher to the lower levels, allowing 12 hours for accommodation 
to the new temperature. This is important, since there is much evidence 
that the direction in which the temperature alteration occurs may cause 
appreciable differences in the results obtained ai the new level. 

Although the balance of the evidence is in favor of the view that increas- 
ing the temperature of plants brings about stimulation of the rate of res- 
piration, there is, however, some contrary evidence. Ziegenbein (17), 
for example, found no stimulation in respiration on raising the tempera- 
ture of seedlings of vetch and lupine from 15-20 to 30° C. He used the 
continuous aspiration method and apparently ample time was allowed 
for the temperature equilibrum of the tissues with the surrounding atmos- 
phere to become established at the different temperatures. 

Blano (1), also, has concluded that, in the case of etiolated shoots of 
Vicia faba, bean seedlings, and young leaves of rye, the respiratory transi- 
tion is gradual from one temperature to another and without stimulative 
effects due either to rising or falling temperature. 

Nevertheless, we are confident that, when plant tissue is brought from 
a lower to a higher temperature for the measurement of its CO, produc- 
tion, the resultant curve will typically not assume a level , until after a 
preliminary peak his been passed. 'We further believe that this peak is 
largely explaiaablfrby the lesser solubility of the CO, at the higher tem- 
perature; and. that the CO* of the peak of the curve represents that which 
was produced by respiration at some time previous to that of the 
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Summary and conclusions 

1. It has been shown that wound respiration in excised apple twigs is a 
small and relatively constant fraction of the total respiration. 

2. The rate of C0 2 production as measured at any temperature is con- 
ditioned by the previous temperature environment of the twigs. If the 
previous temperature has been higher, a constant level of CO, emission 
is gradually assumed. If the previous temperature has been lower, there 
is a peak of C0 2 evolution for several hours, after which a level is gradually 
attained. 

3. The lower the previous temperature, the higher is the peak amount 
of C0 2 . This was proved both by twigs kept in storage before measuring 
the C0 2 output, and by twigs taken directly from the orchard at various 
temperatures throughout the winter. 

4. It is suggested that this temporary excess of C0 2 represents that 
which was produced during the previous period but which remained dis- 
solved in the twig sap, and which diffuses out of the twigs at the higher 
temperatures because it then becomes less soluble. 

5. Hardier varieties of apples show a lower peak of C0 2 evolution than 
do the tenderer. In fact, the order of increasing tenderness among 11 
varieties coincides almost exactly to that of increasing C0 2 during the 
peak. 

6. Twigs stored at - 2° C., - 6° C., and - 10° C. for periods up to 30 
days with and without aspiration of the surrounding air did not show 
striking changes in chemical composition. However, without aspiration 
there seems to be slight gain in sugar ; and with aspiration there seems to 
be a slight gain in starch and loss in sugars. 

7. It is emphasized that in the measurement of the respiratory rate of 
any plant tissue the effect of dissolved C0 2 , and hence the previous tem- 
perature history of the material, must be kept in mind. 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota. 
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CARBON DIOXIDE DISSOLVED IN PLANT SAP AND ITS 
EFFECT ON RESPIRATION MEASUREMENTS 1 

J. J. Willaman’ and William B. Beown 
(with three figures) 

We have undertaken to demonstrate that certain phenomena of “respira- 
tion” in plants are not due to C0 2 which is produced during the period of 
measurement, but are due to the C0 2 which is dissolved in the sap of the 
tissues. The following paper contains our method for measuring this dis- 
solved C0 2 as well as experiments which lead us to certain conclusions as to 
its significance. 

In the preceding paper (3) it has been shown that storage of apple twigs 
at a lower temperature, followed by their elevation to a higher temperature, 
gives rise temporarily to a considerable increase in rate of C0 2 output. 
Furthermore, the rate at the higher temperature is greater, the lower the 
previous temperature of storage. The same facts obtain when the twigs 
are taken directly from the trees : the rate of C0 2 output varies inversely 
with the orchard temperature at the time of collecting the twigs. 

C0 2 has, of course, a solubility in aqueous media that varies inversely 
with the temperature. Presumably, plant sap as a medium is no exception. 
This principle can explain the above case. Thus, when twigs are raised to 
a higher temperature for measurements of C0 2 , the temporary flush which 
is observed indicates not a greater production of C0 2 at that time, but rep- 
resents C0 2 which was previously produced and which remained dissolved 
in the tissue sap. After a certain period at the higher temperature a new 
equilibrium is established and from that time on the output of C0 2 is more 
or less constant for that temperature. 

Willaman and Beaumont (11) recently published some results on the 
effect of allowing C0 2 to accumulate in the atmosphere of a respiration 
chamber. They state: “When the accumulated C0 2 is removed, the rate 
of its production immediately assumes a far higher value ; and the magni- 
tude of this increased value is possibly proportional to the amount of C0 2 
previously accumulated (in the chamber). It is a matter of several hours 
before the rate assumes a constant value. ’ ’ They introduced some evidence 
to show that the explanation of this phenomenon lay at least partly in the 
fact that the dissolved C0 2 increased the hydrion 'concentration of the 
tissue and that this stimulated respiration. We believe now that another 

i Published, with the approval of the Director, as Paper no. 921, Journal Series^ 
Minnesota Agr. Exp. Station. 

• Now at Bohm and Haas Co., Inc., Bristol, Pa. 
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part of the explanation lies in the accumulation of CO„ in the tissues, 
because of the greater partial pressure of C0 2 in the atmosphere surround- 
ing the twigs. 'When this partial pressure is reduced, the dissolved CO* 
diffuses out of the twigs and causes the apparent temporary increase in 
respiratory rate which is always observed. Ultimately, a new equilibrium 
is established, and the output of C0 2 becomes constant, unless another 
period of accumulating CO„ in the chamber intervenes. 

The difference in the above two eases is that in the latter the tempera- 
ture was constant and the CO s accumulated in the tissue because it was 
also accumulating in the atmosphere around the tissue ; while in the former 
case the accumulation in the tissue was only relative because of the differ- 
ence in solubility of the C0 2 at the different temperatures. 

In the preceding paper (3) data are submitted which indicate that those 
varieties of apples which possessed the greatest winter hardiness seemed to 
have the lowest rate of C0 2 output, while the tenderer varieties had the 
highest rate. In the present paper we show that the varietal differences in 
apparent C0 2 output are paralleled by differences in the amount of dis- 
solved C0 2 . The hardier varieties contain less, and the tenderer more, 
dissolved C0 2 . 

Although we have only a limited number of determinations of dissolved 
C0 2 at the present time, they are rather definite in their trend, and it 
seemed best to publish them simultaneously with those in the preceding 
paper, because we feel that they partly explain the findings in the latter 
paper. 

In 1885, Deh^rain and Maquenne (2) first called attention to the C0 2 
dissolved in plant sap and to its possible effect on respiration measurements. 
Later Maquenne (6) attempted to remove this C0 2 by evacuation, but was 
only partly successful. Simon (9) has measured the C0 2 production by 
excised twigs of beech, red oak, basswood and horse chestnut. The twigs 
were brought from various outdoor temperatures to 22.5° C. for measure- 
ment, and Simon noted that the lower the previous temperature the greater 
was the production of C0 2 during the early part of the measurement period. 
This effect was so pronounced that he extended his measurements over a 
period of seven days in order to avoid that temporary flush. Increasing 
the temperature has frequently been observed to produce a temporary 
increase in GO a evolution. A very definite effect of this nature was early 
noted by MOllbb-Thubgau (6) in potato tubers, and has since been reported 
for etiolated shoots of Ticia fdba by Palladin, (8), gladiolus bulbs by 
Zalenbki, (12), sweet potatoes by Johnstone, (4), and bananas by 
Olney (7). 

Apparatus and method 

The apparatus as finally used is illustrated in fig. 1, and: is largely self- 
explanatory. The container D can be of glass or of copper, - The procedure 



W1LLAMAN AND BROWN : RESPIRATION MEASUREMENNTS 


m 



is as follows : The bead towers (1) are charged with alkali, usually 25 ce. of 
0.2N NaOH, and damps I* and I* are closed. About 400 cc. of 95 per eent. 
alcohol is boiled in A for about 5 minutes to free it of CO*. The water- in 
bath C is heated to about 90° C. With the apparatus thus in readiness, 
the sample of twigs, in apples about 150 to 170 gm., is placed in the tube D* 
with the cut ends up. This must be done at the place where the twigs have 
been, either in the orchard or in Btorage, so that the twigs shall not be 
exposed to a higher or lower temperature until they are in the tube and 
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stoppered. The small outlet tube is closed with a piece of rubber tubing 
and a damp. The tubes are then taken immediately to the laboratory and 
placed in the apparatus. The pump is started, and clamps J, K, and I* are 
opened. J is dosed as soon as the twigs are covered with the boiling alcohol. 
Screw-clamp L is opened enough to allow a slow stream of CO a -free air to 
pass through the alcohol. A proper balance will have to be established 
between the partial vacuum in the apparatus and the temperature of the 
water bath. For the first 30 or 40 minutes it is desirable to have the tem- 
perature of the alcohol as high as possible so as to kill the cells of the twigs. 
Later it is desirable to have a higher vacuum so as to assist the expulsion 
of tiie CO 2 from the tissues. If the alcohol froths too violently, clamp M 
can be opened momentarily. It is useful to have a manometer connected 
to tiie system. 

When there is reason to believe that tower G has received the allowable 
charge of C0 2 , tower H is shunted into the circuit. This is done by first 
opening K* then gradually opening I z and closing I 1; and finally dosing K 2 . 
After one and a half hours, the towers should be changed every 15 min. 
until it is apparent that all the C0 2 has been obtained. Furthermore, the 
time required for each material may be determined, and this period arbi- 
trarily used in all subsequent cases without changing the towers. We have 
found that 120 minutes suffice for apple and cherry twigs. 

In titrating, the tower is removed from its flask, the beads allowed to 
slide into the flask, and the tower rinsed with C0 2 -free water. The alkali 
is then back-titrated with standard acid in the presence of the beads. We 
prefer the double indicator of Simpson (10), containing cresol red and 
thymol blue. This gives the C0 2 in one titration and avoids the use of any 
barium for the precipitation of the carbonate. 

Experimental results 

A typical determination of dissolved C0 2 by the method described is 
given in table I. In most cases the exhaustion of the C0 2 was completed in 
105 minutes. At the present time we are finding that for most materials we 
can use a single titration at the end of 120 minutes. 

On Feb. 15, 1929, one-year old twigs of Duchess were collected at Uni- 
versity Farm and divided into 9 lots. Two were analyzed immediately, 
3 were stored at 4-6 a C., 2 all^.5 0 C. and 2 at- -22° C. They were laid 
on open shelves in the storage rooms. At intervals they were analyzed for 
dissolved CO s . The results are shown in fig. 2. 

One immediatel^obvious fact is that the amount of the contained C0 2 
was inversely proportional to the temperature of storage. This is brought 
out more strikingly when the amounts of C0 2 are plotted against tempera- 
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TABLE I 

Representative determination of dissolved CO, 
Sample = 92.0 om. or Duchess twigs 



Fig. 2. Amount of dissolved CO, in twigs of Duchess stored at various temperatures for 

various lengths of time. 

ture, as in fig. 3. These curves indicate a rapidly increasing solubility of 
C0 2 in sap at low temperatures. 

Fig. 2 also shows that during the period of the experiment the amount 
of C0 2 at all three temperatures declined. This probably indicates some 
ehange in the solution properties of the sap towards CO*. , 

On Dec. 28, 1928, samples of twigs of several varieties of apples were 
collected at the University of Minnesota Fruit Breeding Farm at Excelsior. 
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Pm. 3. Same data as in fig. 2 , but showing the solubility at various temperatures. 

They were stored on open shelves at - 15° C. Parts of these samples were 
used for the respiration measurements recorded in the preceding paper (3). 
In February some of them were still available; and although they were 
rather old by this time we decided to measure their dissolved C0 2 . The 
results are given in table II. Although there were only five varieties for 
which Beaumont and Hildbeth have hardiness values, and although they 


TABLE II 

Relation or dissolved. CO, in apple varieties to theib winter hardiness 


Variety 

Hardiness* ! 

(X)* per kilo 

Duchess 

8 

202 

Patten Greening 

11 

279 

Wealthy - - 

13 

315 

Wolf River 

21 

434 

Sugar Loaf - - 

25 

384 

Lyman Perfect i 

•# 

276 


* According to Beaumont and Hildreth’s scale (3, p. 523), the larger the num- 
ber, the greater is the tenderness. 

** Not listed by Beaumont and Hildreth. 
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had been off the tree for seven weeks, a striking relation is seen between the 
dissolved CO, and the hardiness. Only one variety, Sugar Loaf, is an 
exception, and this is only one position out of place. In other words, the 
hardier varieties contain less CO, in their sap, and the tenderer contain 
more. 

In the preceding paper it was shown that the hardier varieties give off 
less CO, than the tenderer. Thus the corollary to these facts is that a lower 
output of CO, is accompanied by a lower solvent power for the gas. The 
explanation for this relation must involve some of the fundamental proper- 
ties of the twig protoplasm. 

Summary and conclusions 

A method has been devised for determining the CO, dissolved in twig 
sap. It consists essentially in submerging the twigs in boiling 95 per cent, 
alcohol in a closed container, and then removing the CO, with reduced 
pressure. The CO, is caught in standard alkali and titrated. 

The amount of CO, contained in apple twigs is of the magnitude of 150 
to 250 mg. per kilo at 0° C. The amount varies inversely with the tempera- 
ture, and may be as high as 360 mg. at - 22° C. 

We believe that this dissolved CO, may explain at least three phenomena 
of plant “respiration” measurements, meaning by the latter term the mea- 
surement of the CO, given off by the plant tissue under stated circum- 
stances. These phenomena are as follows: 

(1) When apple twigs are raised from a lower to a higher temperature, 
the output of CO, at the higher temperature is' temporarily increased above 
the level that it subsequently attains at that temperature. The effect is 
greater, the lower the previous temperature. The temporary flush is 
caused, we believe, by the lower solubility of the CO, at the higher tem- 
perature. 

(2) When plant tissue (twigs, potato tubers, and wheat grain have so 
far been observed) is stored in a closed chamber and the CO, allowed to 
accumulate, and then the CO, swept out and the rate of its output by the 
tissue measured, this rate is found to rise to a temporary high value, inti- 
mately, this rate subsides to a lower level characteristic of the temperature 
used. We believe that this flush may indicate an actual increase in rate of 
production of CO„ occasioned by the higher acidity of the sap during the 
accumulation of CO,. The peak of CO, output is probably also accounted 
for partly by the diffusion of previously formed CO, which was held in 
solution because of the higher partial pressure of CO, in the atmosphere 
surrounding the tissue. 

(3) Those varieties of apples which possess the greatest whiter hardi- 
ness show the lowest output of CO,. We have found that they also contain 
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the lowest amount of dissolved CO*. What the causal connection is between 
the two is not known at present. 

The generality which we deduce from these results is that in plant 
respiration studies a careful distinction must be made between the produc- 
tion of CO* and its output. The one may or may not be the same as the 
other, due to the various factors which affect the amount of dissolved CO*. 
The factors known at present are temperature, partial pressure of CO* in 
the atmosphere around the tissue, and the kind of tissue. 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota. 
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INFLUENCE OF LEAFAGE REMOVAL ON ANATOMICAL STRUC- 
TURE OF ROOTS OF 8TIPA PVLCHBA AND 
BROMUS HORDEACEU8 

Kenneth W. Parker 1 and Arthur W. Sampson* 

(with pour figures) 

Historical 

Numerous investigations have been reported to show the influence of 
the reduction of chlorophyll-bearing tissue, as in the pruning of fruit trees 
or in the cutting or grazing of fodder and forage plants, on the subsequent 
yields. There has been little serious investigation to show the effect of har- 
vesting on the physiological responses of the plant, and more especially on 
the anatomical structure of the roots. 

Priestley and Evershed (8) have shown that root growth is periodic 
and seasonal in many species remotely related taxonomically. Removal of 
succulent leafage, however, tends clearly to unbalance, or actually to de- 
stroy, any rhythm that might otherwise exist between top and root growth. 
Moreover, defoliation is definitely correlated with the extent of root growth, 
such as may be expressed in dry weight or in volume of root expansion. 
Only a slight reduction in the area of active chlorophyll-bearing parts 
typically causes a correspondent slowing down in root growth. If the de- 
creased elaboration of organic materials is further intensified by herbage 
removal, root growth may cease entirely. Defoliation at frequent inter- 
vals of the plants studied finally caused destruction of the root system as 
a whole, and death of the plant. In studies by Sampson (9) plots of 
Fesiuca viridula in Oregon were harvested three times annually for three 
successive years. Root and aerial growth, including size of tufts, decreased 
annually during this treatment. 

Sampson and Malmsten (10) working with many species of bunch 
grasses and other plants, found that the removal of herbage four to five 
times in a season, at approximately monthly intervals, resulted in a sharp 
decline in yield and a marked shortage of life of the vegetation. Cropping 
two (or in a few vigorous species even three) times in a season, leaving be- 
tween each harvest an interval of time sufficient for the development of 
considerable aerial growth, did not jeopardize the forage yield. McCarty' 
(7) harvesting in Colorado Agropyron mithii and Bulbilis dactyloides four 
times in a season, found that growth and the food reserves were so cur- 
tailed that the mortality due to winter killing was very high during tike 
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period of diplomacy. Removal of the herbage at such intervals as to result 
in a reduction of the total aerial dry matter produced was invariably re* 
fleeted in a decreased root development and in a lesser quantity of food 
stored in the stem bases and in the roots themselves. Poor development 
of the root system resulted in the production of an increasingly small quan- 
tity of herbage in the following season. The earlier work of Ellett and 
Cabbtkb (3) on blue grass pastures brought out the conclusion that "the 
total yield of dry matter varies inversely with the number of times the 
pasture is cut during the growing season. ’ ’ The results of Stapleton (12) 
and of Grabeb, Nelson, Leukel, and Albebt (4) are similar. They con- 
cluded further that the root systems of grasses are very sensitive to the 
cutting of the aerial parts. 

As previously stated, studies of the anatomy of roots of Gramineae are 
limited, despite the apparent economic application of such investigations to 
yield and longevity of this important family of plants. The following 
texts, however, are somewhat pertinent to the study in question: de Baby 
(1), Haberlandt (5), Eahes and MacDaniels (2), and Weaver (13, 14). 

Jaokson (6) in the study of barley roots concluded that the root sys- 
tem of a well developed barley plant consists of two forms — a thin branched 
type, and a thick unbranched type with abundant root hairs. The un- 
branched root arises from the first node above the grain. Its chief func- 
tion appears to be that of providing ample water and nutrient salts at the 
time that vigorous growth is taking place. This function is accomplished 
by the presence of abundant root hairs and an increased number of large 
vessels and central ducts, as well as the existence of a stele composed largely 
of thin-walled elements. Measurements of the cross-sections of the roots, 
some of which were developed in soil and others in water cultures, were 
taken in two dimensions at right angles to each other, that of the stele, 
the ducts, and the entire cross-section of the root. These ratios were ob- 
tained by taking as area the product of the two diameters "since the area 
of an ellipse is proportional to that of its escribed rectangle.” The ratio 

, area stele .. . ., .whole root 

was expressed as 3 — — . Other ratios of area were those of — 5 — 7 

area ducts ducts 


and 


whole root 
stele ’ 


but these were found to be inconsistent. 


Methods of study 


The plants. — Because of the detailed character of the work, only two 
plant species were used in the experiment. The one was Stipa pvlchra, a 
perennial bunch grass which typically occurs in a well developed soil "A” 
horizon and is recognized as a climax species in the true savanna of the 
Sonoran life zone of California ; the other was Bromus hordeaceus, an an- 
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nual of Mediterranean origin now found extensively in the Sonoran zones. 
Both speeies are of great value as pasture plants. 

The cultures. — In order to facilitate critical study and measurement 
of the roots and to eliminate the variables of soil and sand, a water culture, 
formulated by Professor D. E. Hoagland, was used. The culture solution, 
in addition to the regular constituents, contained in the formula a small 
quantity of so-called “A-Z” solution, which served to offset any deficiency 
due to the need of rare elements. The constitution of the stock and culture 
solutions is shown in table I. 

TABLE I 


Salts 

Molar concentra- 
tion, PER LITER 

Mol solution 

PER LITER 

Ions 


STOCK SOLUTION 



gm. 

cc. 

ppm , 

Ca(N0,),.4H 2 0 

236.2 

3.9 

Ca 157 

KNO, 

101.1 

3.6 

NO, 709 

K 181 

MgS0 4 7H 2 0 

246.5 

2.2 

Mg 55 

S0 4 217 

kh 2 po 4 

136.2 

1.1 

P0 4 105 


The culture required 2 cubic centimeters of a 0.5 per cent, solution of 
ferric tartrate per liter of solution, to supply iron. 

The tissues. — Root tips were taken from adventitious roots of the two 
species studied when the plants had been grown for 105 days in the water 
cultures. During this period of growth one set of plants had been har- 
vested by cutting within one-half inch of the stem base on seven occasions 
at 15-day intervals ; the other set of plants had not been harvested or other- 
wise treated during the period of growth. The root segments were cut at 
2.5 cm. from the growing point. 

Fixation. — Part of the material was fixed with Allen’s solution; the 
other part with alcohol-formalin-acetic no. 1 solution for a period of 70 
hours. Allen’s solution was prepared as follows: 

Chromic acid - — • 1 gram 

Acetic acid 1 gram 

Urea - - 0-5 gram 

Distilled water — 100 oe. 


The material was then washed in running water for 12 hours after fixing. 
The alcohol-formalin acetic no. 1 solution was prepared as follows: *. 
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50 per cent, alcohol 100 cc. 

Formalin — — - 6.5 cc. 

Acetic add .. 2.5 cc. 

No washing was necessary following fixing. 

. Embedding. — Following fixation the material was dehydrated by carry- 
ing it through a graduated series of increasing alcoholic concentrations to 
absolute alcohol. The material was then infiltrated with a paraffin solvent, 
the alcohol being displaced by benzol. The material was then infiltrated 
with paraffin by adding paraffin shavings to the benzol which contained the 
plant material. The vials containing this material were kept in a sparkless 
paraffin oven for 24 hours. Following this the paraffin-benzol solution was 
decanted and melted paraffin was added. The paraffin was changed twice 
during the 24-hour period, following which the material was allowed to 
remain 48 hours in the oven. 

The material was then poured into pasteboard^ boxes and cooled with 
waste alcohol. The blocks were sectioned with a rotary microtome in thick- 
nesses of 7 microns and 15 microns, respectively, and were mounted on glass 
slides in the usual manner. The slides were passed through xylol, alcohol, 
and water to remove paraffin and to infiltrate the section with the water 
to facilitate staining. A modification of Haidenhain’s iron-alum liaema- 
toxylin stain was used. 

Measurements. — Measurements were made with a Filar micrometer 
which had been calibrated with a stage micrometer. Two diameters of the 
cross-section of the whole root, the stele, and the ducts were obtained. 

Results and discussion 

There was a marked difference in the size of the roots of the plants har- 
vested compared with those not harvested. In Stipa pulchra the average 
diameter of the cross-section of the whole root was 0.827 mm. in the plants 
not harvested and 0.517 mm. in those harvested seven times at 15-day 
intervals, or a difference of 37.5 per cent, (table II, figs. 1 and 2). The 
area of the cross-section of the whole root was 0.684 sq. mm. in the plants 
not harvested and 0.267 sq. mm. in those harvested, or a difference of 61.0 
per cent. The diameter of the stele was 0.367 mm. in the plants not har- 
vested and 0.227 mm. in those harvested, or a difference of 38.2 per cent. 
The area of the stele was 0.135 sq. mm. in the plants not harvested and 
0.052 sq. mm. in those harvested, or a difference of 61.5 per cent. The 
number of duets averaged 9 in the untreated plants and 5 in those har- 
vested, a difference of 44.5 t per cent. The total area of the ducts was 0.009 
sq. mm. in the plants not harvested and 0.004 sq. mm. in those harvested, 
or a difference of 55.5 per cent. 
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Fig. 1. CroBS-section of root of Stipa pulchra , not harvested. 143 x. 


In Bromus hordeaceus similar results, although somewhat less marked, 
were obtained in the roots of harvested and of unharvested plants (table 
II, figs. 3 and 4). Here again, the harvested plants were clipped at 15-day 
intervals over a period of 105 days. The dates of cutting were the same 
as for Stipa pulchra. 

In the plants of Bromus not harvested the diameter of the whole root 
was 0.606 mm., as compared with 0.434 mm. in those harvested, with a dif- 
ference of 28.4 per cent. The area of the whole root was 0.367 mm. in the 
untreated plants as compared with 0.189 mm. in those harvested, a differ- 
ence of 48.5 per cent. The diameter of the stele was 0.237 mm. in the 
control plants, as compared with 0.181 mm. in those harvested, with a dif- 
ference of 23.7 per cent. The area of the stele was 0.056 sq. mm. in the 
untreated, as compared with 0.033 sq. mm. in the harvested plants, with a 
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Fig. 2. Cross-section of root of Stipa pvlchra, harvested frequently. 143 x 
A, epidermis; B, cortex; C, endodermis; D, vessel; £, pericycle. 

difference of 41.1 per cent. The number of ducts averaged 6 in the un- 
treated plants, as compared with 2 in the harvested plants, with a difference 
of 66.6 per cent. The total area of the ducts was 0.008 sq. mm. in the 
untreated plants, as compared with 0.003 sq. mm. in those harvested, with 
a difference of 62.5 per cent. 

The marked difference in the size of the roots in the Bromus plants 
harvested as compared with those untreated is probably accounted for by 

(1) the decreased elaborated nutrition of the harvested plants as a whole, 

(2) the decreased absorptive capacity of the roots, and (3) a correspond- 
ing decreased transpiration stream, all of which results from the frequent 
reduction in leaf area. Regeneration of the aerial growth was strongly 
stimulated by harvesting the tops, This likewise resulted in an appreciable 
prolongation of the growth cycle of the herbage. This vigorous regenera- 
tion growth accounts for an unequal utilization of the elaborated foods, 
resulting in weak rod: growth as a whole and a corresponding decrease in 
the size and the differentiation of the root cross-section. The presence of 
a larger number of ducts in the untreated plants would appear to be asso- 
ciated with their relatively larger requirements for water and mineral 
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Pig. 3. Gross-section of root of Bromus hordeaceus, not harvested. 143 x. 


salts to compensate for their greater size and the balance in their top- 
root ratio. 

An interesting contrast was noted in the production of root hairs. The 
roots of Stipa pulchra grown in water culture produced root hairs which 
appeared a short distance behind the meristematic region of the root tip. 
These organs, however, died off as newer ones were formed nearer the root 
tip. In contrast, the roots of seedlings of Bromus hordeaceus produced 
hairs, but as the plants became older the roots were devoid of such growth 
and were quite smooth. Possibly this behavior was due in part to adapta- 
tion of the plant to the oxygerijsupply of the solution; the fact that the 
more elaborate root system was more exposed to the air by the lowering of 
the solution in the jars ; or because sufficient gas was supplied by the more 
elaborate aerial parts, as observed by Snow (7) . In neither Stipa pulchra 
nor Bromus hordeaceus, however, did the frequently clipped plants, after 
the first month of growth, produce root hairs. 
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Fio. 4. Cross-section of root of Bromus hordeaceus, harvested frequently. 143 x. 
A, epidermis; B, cortex; C, endodermis; D, vessel; E, perieycle. 


Conclusions 

1. Water cultures as here used have proven of great value in the study 
of root behavior and anatomical differentiation of the species employed. 

2. Frequent removal of the aerial growth in Stipa pulchra resulted in a 
poorly developed root structure, in that the diameter of the whole root, the 
diameter of the stele, and the number of ducts were invariably smaller 
than in roots of the same age of untreated plants. 

3. Frequent removal of the aerial growth of Bromus hordeaceus also 
resulted in a poorly developed root structure, in that the diameter of the 
whole root, the diameter of the stele, and the number of ducts were smaller 
than in roots of the same age of untreated specimens. 

4. In the cultures where the leaf blades of Stipa pulchra were not har- 
vested, root hairs were produced. In contrast, the roots of unharvested 
plants of Bromus hordeaceus, although producing root hairs when very 
young were later devoid of such structures. This disappearance of the root 
hairs might be accounted for by the presumed accommodation of the species 
to the oxygen supply. 
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5. Where the succulent aerial growth of Stipa pvlchra and Sromus 
hordeaceus was frequently removed by clipping, the roots were devoid 
of hairs. 

6. This experiment supports the more general observations of similar 
leafage removal studies with many species during the period of active 
growth under field conditions. Where it is important to maintain the 
herbaceous cover, as for pasturage, or where an elaborate, robust root sys- 
tem is. necessary to bind the soil in order to control erosion, frequent leafage 
removal should be avoided. 

tJmvmsiTY or California, 

Berkeley, California. 
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DISTRIBUTION OP MOISTURE, DRY MATTER, AND SUGARS 
IN THE MATURING CORN STEM 1 


P. A. WiiiiOM, Y. H. Morris, and A. J,. Habtblbe* 
(with six figures) 

Introduction 

A series of physiologic studies of corn has been undertaken coopera- 
tively by the Office of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. D. A., and the Dept, of Agronomy, Ohio Agricultural Experiment 
Station. Among the studies inaugurated, one related to the distribution 
of moisture, dry matter and sugars in the stem during the period from 
tasseling to maturity. The results obtained in the study are presented in 
this paper. 

Material and methods 

The investigation has been carried on for two years. There was used 
in 1927 the variety Clarage, a yellow dent corn which matures about mid- 
season at "Wooster, and in 1928 Burr Learning, a double cross of four selfed 
lines of dent corn, late maturing. The corn was grown on a Wooster silt 
loam which is in a good state of fertility. 

The first samples were taken as soon as the plants were fully tasseled 
and the sampling was continued at weekly intervals to maturity. The 
samples consisted of 6 plants each having 12 nodes. The stalks were cut 
off at the surface of the soil. The leaves, including the sheaths, the tassels, 
and the ears were all discarded. The stems were then divided into seg- 
ments, the division in each case being made at the growing point just above 
the node. The term “segment” as used in this paper refers to a section 
of stem which consists of an internode and the node above. Each stem, 
therefore, was divided into 12 segments which were numbered consecu- 
tively, the lowest being designated always as “1”. The corresponding seg- 
ments of the 6 plants were grouped together to form composite samples 
representing the different segments. For each date of sampling, therefore, 
a series of 12 composite samples was obtained. 

The segments were cut into small pieces and aliquot samples preserved 
in boiling alcohol. Later these samples were placed in Soxhlet extractors 
and extracted for 8 hours with 80 per cent, aleohol. The following deter- 
minations were made : total dry matter, reducing sugars, and sucrose. An 
attempt was made to determine stareh, but there was not enough present 
to give a test by the usual quantitative method. 

i Contribution from the Department of Agronomy, Ohio Agr. Experiment Station, 

* Associate, Associate and former Assistant in Agronomy respectively. 
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The data are expressed on the fresh weight basis. The percentage of 
“residual dry matter” reported is the total dry matter minus the total 
sugars. Mason and Massbsju (1) have suggested the use of this method 
of expression on the basis that since the major fluctuations in dry weight 
of relativity mature plant tissues are due to variations in carbohydrates, 
’ it may be assumed that the remaining fraction of the dry weight will be 
relatively constant. 

Results 

Composition op the stem by segments 
The percentage composition of the successive segments of the stem as 
found in the variety Clarage in 1927 is given in table I and presented 

TABLE I 

Composition or successive segments or the corn stem 
Variety — Clarage, 1927 


Segments 

Residual 

dey 

MATTES 

Moisture 

Free 

REDUCING 

SUGARS 

Sucrose 

! 

per cent. 

11.8 

per cent. 

84.6 

per cent. 

1.2 

per cent. 

2.4 

2 

11.3 

84.7 

1.4 

2.6 

3 

10.7 

84.5 

1.7 

3.1 

4 ... 

11.1 

83.5 

1.9 

3.5 

5 

11.5 

82.8 

1.9 

3.8 

6 

12.1 

81.7 

2.0 

4.2 

7 

12.8 

80.7 

2.1 

4.4 

8 

13.1 

80.2 

2.2 

4.4 

9 

. 12.3 

80.6 

2.5 

4.6 

10 

13.5 

80.7 

2.2 

3.6 

11 

12.6 

81.5 

2.2 

3.7 

12 - 

14.7 

79.5 

2.2 

3.6 


graphically in fig. 1. The data are the averages of the eight series of 
samples taken from tasseling to maturity. 

The percentage ,of residual dry matter increased from 11.8 per cent, in 
the lower part of the stem to 14.7 per cent, in the upper part. The per- 
centage of moisture, on the other hand, decreased from 84.6 per cent, in 
the lower part of the stem to 79.6 per cent, in the upper part. The per- 
centage of reducing sugars and st^Tose increased from 1.2 per cent, and 
2.4 per eent., respectively, in the lower part of the stem to 2.5 per cent 
and 4.6 per cent, in the 9th segment, and then decreased slightly. 

The percentage composition of Burr Learning for 1928 is given in table 
II and presented graphically in fig. 2. These figures represent the averages 
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Fig. 1. Percentage composition of successive segments of the com stem. Average of 
eight samples taken from tasseling to maturity. 

Variety — Clarage, 1927. 

TABLE II 

Composition or successive segments or the corn stem 
Variety — Burr Leamino, 1928 


Residual Free 


Segments dry Moisture reducing Sucrose 

MATTER SUGARS 


per cent. per cent. per cent. per cent. 

1 11.9 80.5 3.5 4.1 

2 12.2 80.4 3.5 3.8 

3 13.1 79.1 3.2 4.6 

4 13.3 78.6 2.9 5.2 


6 14.4 77.4 2.8 5.4 

6 14.9 77.0 2.6 5.5 

7 16.1 75.9 2.5 5.5 

8 16.4 75.4 2.4 5.8 

9 16.0 75.8 2.4 5.8 

10 16.0 75.7 2.4 . 5.9 

H 15.7 75.9 2.4 6.0 

12 17.1 74.6 2.5 5.8 


of the six series of samples taken from tasseling to maturity. In general, 
the composition of the successive segments of Burr Learning stems showed 
the same trend as did that of Clarage. The residual dry matter increased 
from 11.9 per cent, in the lower part of the stem to 17.1 per cent, in the 
upper part. The moisture content varied from 80.5 per cent, in the lower 
part of the stem to 74.6 per cent, in the upper part. Reducing sugars de- 
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Fig. 2. 



six samples taken from tasseling to maturity. Variety- 
Burr Learning, 1928. 


creased from 3.5 per cent, in the lower part of the stem to 2.5 per cent, in 
the upper, while sucrose increased from 4.1 per cent, in the lower to 5.8 
per cent, in the upper part. 


Seasonal changes 

The data so far show the gradients of residual dry matter, moisture, 
and sugars as they occurred between different parts of the corn stem, con- 
sidering the period between tasseling and maturity as a whole. In order 
to determine the seasonal changes which took place in the stem, the analyses 
of the 12 segments for each sampling date were averaged, thus giving the 
average composition of the stem as a whole for each date. 

The percentage .^composition at different periods from tasseling to ma- 
turity for the variety Clarage is given in table III and presented graphic- 
ally in fig 3. There was a rather rapid increase in residual dry matter 
from 7.9 per cent, to 12.9 per cent, during the early part of the period, 
followed by a more gradual increase. There was a correspondingly rapid 
decrease in moisture content during the early period from 87.1 per cent, 
to 79.5 per cent, but during the last two weeks the moisture content ac- 
tually increased, due partly to weather conditions and partly perhaps to 
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TABLE III 

Composition or entire corn stem at different periods from tasseling to maturity 

Variety — Clarage, 1927 


Date 

Residual 

dry 

MATTER 

Moisture 

Free 

reducing 

SUGARS 

Sucrose 



per cent. 

per cent. 

per cent. 

per cent. 

August 

2 

7.9 

87.1 

2.4 

2.6 

tt 

9 

11.2 

84.4 

2.5 

1.9 

tt 

16 

12.1 

82.8 

2.5 

2.6 

tt 

23 

12.9 

80.9 

1.9 

4.3 

tt 

29 

13.0 

79.5 

2.1 

5.4 

Sept. 

7 

13.6 

79.5 

1.5 

5.4 

tt 

14 

13.7 

80.0 

1.7 

4.6 

tt 

20 

14.2 

82.5 

1.0 

2.3 



Fig. 3. Percentage composition of entire corn stem at different periods from tasseling 
to maturity. Variety — Clarage, 1927. 

♦ 

the rapid loss of sugars. The quantity of reducing sugars fluctuated con- 
siderably but after the middle of August it trended quite definitely down- 
ward. In general the quantity of sucrose increased until the end of the 
first week in September at which time the ear was well developed, but after 
that date it declined gradually for a brief time and then more rapidly. 

The average composition of the stem of Burr Learning at successive 
periods from tasseling to maturity is given in table IV and presented 
graphically in fig. 4. Residual dry matter increased from 13.9 to 17.4 per 
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TABLE IV 

Composition or nmu oobn stem at dippxbknt pebiodb took tasselino to matpm t y 

Variety — Bukb Leaking, 1928 


DATE 

Residual 

dey 

mattes 

Moistubk . 

Free 

REDUCING 

SUGARS 

SUCE08E 



per cent 

per cent 

per cent 

per cent 

August 10 

13.9 

80.0 

3.1 

3.0 

n 

16 

14.0 

78.7 

3.3 

4.0 

it 

23 , 

14.1 

77.9 

2.6 

5.4 

a 

30 

14.8 

70.9 

2.7 

5.6 

Sept. 

6 

14.5 

76.5 

2.4 

6.6 

a 

14 

17.4 

73.0 

2.2 

7.4 



su/&/sr sEmswa&e 

Fig. 4. Percentage composition of entire corn stem at different periods from tasseling 
to maturity. Variety — Burr Learning, 1928. 

cent, while moisture decreased from 80.0 to 73.0 per cent. On Aug. 16 the 
reducing sugars were highest, 3.3 per cent, and then they decreased to 2.2 
per cent, on Sept. 14 ; while sucrose increased gradually throughout the 
period of sampling, making a total gain of 4.4 per cent. 

Total amount i r® segment 

Since there is considerable variation in the size of the segments from 
different parts of the stem as is shown by the green weight and length of 
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each segment it seemed of interest to calculate the quantity of the various 
constituents per segment. The results of such calculation for thevariety 
Clarage are given in table V and presented graphically in fig. 5. These 


TABLE V 

Total quantity or constituents in each segment 
Variety — Claeaoe, 1927 



Via. 6. Total amount in each segment. Average of the eight samples taken from 
tasaeling to maturity. Variety — Clarage, 1927. 


data, gs mentioned before, represent in each case the average of the series of 
samples taken from ta s a el i n g to maturity. 
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The total dry matter was a little lower in the first than in the second 
and third segments, which were equal, but after that it decreased regularly, 
the twelfth segment containing 9 grams, or 87.4 per cent, less than the 
second and third, the heaviest two. The moisture content was highest, 
82.1 grams, in the third segment — from there it decreased regularly in both 
directions, reaching a minimum in the twelfth which contained only 8 grams, 
a decrease of 90.3 per cent. 

Residual dry matter decreased from 10.3 grams in the second -segment 
to 1.3 grams in the twelfth. Moisture decreased from 82 grams in the 
third segment to 6 grams in the twelfth. Reducing sugars and sucrose 
were highest in the fourth segment, and decreased from 1.7 and 3.1 grams, 
respectively, to 0.2 and 0.3 gram in the twelfth. 

The amounts of the various constituents in each segment of the variety 
Burr Learning are given in table VI and presented graphically in fig. 6. 

TABLE VI 

Total amount or constituents in each segment 
Variety — Burr Leaming, 1928 


Segment 

Residual 

DRY MATTER 

Moisture 

Free 

REDUCING 

SUGARS 

Sucrose 

Green 
weight or 

SEGMENT 

Length 

or 

SEGMENT 


gm. 

gm. 

gm. 

gm. 

gm. 

inches 

1 - 

9.8 

62.8 

2.7 

3.1 

78.4 

4.8 

2 

11.4 

71.5 

3.1 

3.5 

89.5 

6.2 

3 

11.8 

67.6 

2.8 

4.0 

86.2 

7.6 

4 

10.5 

58.0 

2.2 

3.9 

74.6 

7.9 

5 

9.2 

46.9 

1.7 

3.3 

61.1 

8.1 

6 

7.6 

36.8 

1.3 

2.7 

48.4 

8.0 

7 

5.8 

26.3 

0.9 

1.9 

34.9 

7.3 

8 

4.1 

18.6 

0.6 

1.4 

24.7 

7.0 

9 

3.2 

14.3 

0.5 

1.1 

19.1 

7.0 

10 

2.5 

11.1 

0.4 

0.9 

14.9 

6.8 

11 ... 

1.9 

8.5 

0.3 

0.7 

11.4 

6.8 

12 

1.4 

5.8 

0.2 

0.5 

7.9 

7.0 


The residual dry matter increased from the bottom, reaching a maximum 
of 1L8 grams in the third segment, from which point it decreased gradually 
to the top, or twelfth segment, which contained 1.4 grams, or 88.1 per cent, 
less than the third segment. Beginning at the bottom the moisture content 
readied a maximum in the second segment from which point it decreased 
gradually to the top, the twelfth segment containing 91.9 per cent, less 
than the second. The reducing sugars reached a maximum in the second 
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Fig. 6. Total amount in each segment. Average of the six samples taken from tassel- 
ing to maturity. Variety — Burr Learning, 1928, 


segment and from there decreased gradually to the twelfth which con- 
tained only 0.2 gram, or 93.6 per cent, less than the second. The quantity 
of sucrose reached a maximum in the third segment from which point it 
decreased gradually to the twelfth which contained 0.5 gram or only 87.5 
per cent, as much as the third or highest. 

These results indicate that as far as the relative amounts of residual 
dry matter, moisture, and sugars are concerned, the maximum was reached 
in the second, third, or fourth segment and the amounts in the remaining 
segments decreased rapidly toward the upper part of the plant. Calcula- 
tion shows that more than 50 per cent, of the total amounts of these 
constituents in the stem were in the lowest four segments. 


Summary 

The data obtained in this study of the distribution of residual dry 
matter, moisture, and sugars in the maturing corn stem indicate the follow- 
ing general conclusions : 

The percentages of residual dry matter and sucrose were in general 
larger in the upper part of the com stem than in the lower part. The 
percentage of moisture was larger in the lower part of the stem. 

The percentage of residual dry matter increased and the percentage 
of reducing sugars decreased progressively from the tasseling stage to 
maturity in both varieties. The percentage of sucrose increased and the 
percentage of moisture decreased in the Clarage variety in the early part 
of the season, but the trend of each was reversed at maturity; the per- 




PLANT PHYSIOLOGY 


561 

centage of sucrose increased and the percentage of moisture decreased in 
the Burr Learning throughout the period studied, thus reversing the trend 
of these two constituents in the Clarage variety in the latter part of the 
season. This apparent inconsistency may have been due to immaturity of 
tiie Burr Learning. 

The total amount of residual dry matter, moisture, and sugars per seg- 
ment reached a maximum in the region of the second, third, or fourth seg- 
ment and decreased rapidly toward the upper part of the plant. -The low- 
est four segments, which constitute about 0.25 of the total length of the 
stem, contained over 50 per cent, of the total amounts of these constituents 
in the stem. 


LITERATURE CITED 

1. Mason, T. G., and Maskell, E. J. Studies on the transport of carbo- 
hydrates in the cotton plant. Memoirs of the Cotton Research 
Station. Trinidad. 1928. 



EFFECT OF MOLDS ON TEMPEBATUBE OF STOBED GRAIN 1 
Joseph 0. Oilman and D. H. Babbon 
(with two figures) 

Although the presence of fungi on stored grain has been known for a 
long time, the relation of their growth to bin-burning is imperfectly under- 
stood. In recent years, however, because of the changes in the methods of 
handling, much grain has been stored in such condition that molding and 
bin-burning resulted. Common observation showed that the molding and 
heating occurred approximately at the same time, indicating a possible in- 
terdependence of one upon the other. Grain in elevators, in farmers’ 
granaries, and in transit, all were similarly affected with a correspondingly 
great loss. The problem, therefore, was a broad one, necessitating the 
consideration of the relationship between the molds found on bin-burned 
grain and the production of “heating,” the environmental factors favor- 
able to mold growth, and the effects produced. 

It is undoubtedly true that temperatures produced in the bin are due 
to the interaction of several factors. These include the heat of germina- 
tion itself and temperatures generated by the growth of molds developing 
on the grain saprophytically. The present investigation was undertaken 
■with the object of isolating and evaluating the role of each of these two 
sources of heat in the temperature increases occurring in stored grains. 

The fact that molds may generate high temperatures when grown on 
suitable organic substances has often been shown in the past. Mention 
only need be made of the work of Cohn (4) on barley, Morgenthaler (14) 
on wheat, rye and speltz, McHargue (12) and Thom and Le Fevre (19) 
on corn meal, KSnig (10) with cotton, and Miehe (13) on hay to indicate 
the numerous workers and the wide range of materials on which this phe- 
nomenon has been observed. However, there seems to have been some idea 
that living seeds would not serve as a suitable medium for mold growth. 

i The investigation reported here was carried on by the Department of Botany in 
cooperation with the Botany and Plant Pathology Section of the Iowa Agricultural 
Experiment Station as a part of Project 30, “Studies upon the physiology of seed 
germination.” It is published with permission of the Director of the Station. 

Since the manuscript was submitted, two very significant papers in the field of, 
thermogenesis by fungi have appeared: Miehe, H., Die W&rmebildung von Beinknl- 
turen im Hinbliek auf die Aetiologie der Selbsterhitzung pflanzlicher Stoffe. Archiv 
Mikrobiol. 1: 78-118. 1930; and Nobhan, A. G. The biological decomposition of 
plant Part III. Physiological studies on some cellulose-decomposing fungi 

Ann. AppL Biol. 17: 576-613. 1930. Their findings are in accord w^th these reported 
here. ■< 
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Thus, Bailey (S) and his eoworkers as well as earlier investigators, Quam 
(17), Duvel (8) and Babcock (2), who were studying the effect of 
moisture content of seeds upon respiration, seem to hate overlooked the fact 
that unless special care was taken, the same point at which mold growth 
began was also the point at which they observed marked increases in C0 2 
' production. Peirce (16) and his associates (7), on the other hand, in 
their studies on the amount of heat liberated by germinating seeds, pointed 
out that there was no marked rise in temperature in their flasks except 
where microorganisms were present. James, Rettgeb and Thom (9) also, 
showed that molds as well as bacteria could produce thermogenesis in grain. 
In one experiment with sterilized corn they produced a temperature of 
51® C. with Aspergillus fumigatus Pres. 

The problem thus became a study of the cause of thermogenesis in the 
case of oats, barley and wheat by making a comparison of the temperatures 
caused by the respiration of the germinating grain and those due to fun- 
gous growth. 

Materials and methods 

The seeds used were produced from the Agronomy farm at Iowa State 
College and with the exception of the barley were all of the crop of the cur- 
rent year. Because of an epidemic of barley scab during that season, seeds 
from the previous year which were free from scab were substituted as more 
desirable. 

The seeds were divided into 200-gram samples placed in cheese-cloth bags 
for convenience in handling during sterilization. The bags were removed 
when the sample was placed in the Dewar flask for observation of tempera- 
ture rise. In observing the temperature of germination the seeds were 
sterilized either by submerging them in an alcohol solution of mercuric 
chloride or by dry heat. The mercuric chloride solution was made up 
according to the formula used by Nabokich (15) : 15 grams of mercuric 
chloride, 500 grams of 95 per cent, ethyl alcohol and 3,500 grams of water. 
After mixing, the solution was allowed to stand over night before being 
used. The samples were immersed in this solution for 15 minutes and then 
washed in six changes of sterile distilled water by decantation. Following 
this treatment the deeds were placed in sterUe water for twelve hours before 
being transferred to the flasks. The dry heat sterilization was carried out 
according to the method described by Atanasoff and Johnson (1). The 
grain was thoroughly dried and then held at a temperature of 100° C. for 
thirty hours. The dry heat method was successful with wheat and oats, 
but the barley, was killed by the treatment and, therefore, that phase of the 
problem was omitted. . After coding, the seed was covered with, sterile 
water for twenty-four hours and then transferred to sterile Dewar flasks 
under aseptic conditions. 
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The chambers used to measure the temperatures of germination and 
mold growth were commercial thermos bottles, plugged with sterile cotton. 
Thermometers were inserted through the cotton to record the temperatures. 
Bottles and thermometers were sterilized with the alcoholic mercuric 
chloride solution and rinsed in sterile water before using. Readings were 
made at twelve-hour intervals as long as the temperature continued to rise. 

Experimental data 
Temperatures of germination 

In the experiments with the sterilized grain, a slight rise in temperature 
occurred in all cases. The summarized results are presented in table I 

TABLE I 

Temperatures produced in 200-gram samples op sterilized germinating grain 


Time 

Samples sterilized by dry 
HEAT AT 100° C. FOR 

30 HOURS 

Samples sterilized by immersion in 

ALCOHOLIC MERCURIC CHLORIDE SOLU- 
TION FOR 15 MINUTES 


Oats* 

Wheati 

Oats* 

Wheati 

Barleys 

days 

°C. 

°C. 

•c. 

° C. 

°C. 

0 

17.0 

17.0 

17 

16.9 

17.3 


18.0 

16.8 

17.8 

16.8 

17.5 

1 

18.8 

17.0 

18.2 

17.6 

17.8 


21.0 

17.0 

19.4 

18.0 

18.6 

2 

22.8 

17.4 

20.2 

18.2 

19:0 


23.8 

17.6 

20.8 

19.6 

19.6 

3 

23.6 

18.2 

21.4 

20.0 

20.4 


22.2 

18.4 

I 21.2 

20.0 

20.8 

4 

21.2 

19.0 

19.8 

20.2 

20.9 



19.6 

1 

! 

20.2 

20.7 



19.8 


19.4 



i 

19.8 


19.0 



i Composite of fire samples. 
* Composite of ten samples. 


and figure 1. With the oats and wheat the data presented are a composite 
of five samples, while with the barley ten samples were used. The rise in 
temperature with sterile oats was from 17° C. to 23.8° C. on the third day 
after heat sterilization, and from 17° C. to 21.2° C. on the fourth day after 
chemical treatment. That is, the germination of oats raised the tempera- 
ture of a 200-gram sample from 4.2° C. to 6.8° C. In the case of wheat, 
after heat sterilization the temperature rose from 17° C. to 19.8° C. in four 
days; after chemical sterilization from 16.9® C. to 20.2° C. in four days. 
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Fig. 1. Temperatures of germination of oats, wheat and barley after sterilization, 
a— oats sterilized by dry heat, b — oats sterilized by chemical means, e — wheat steril- 
ized by dry heat, d — wheat sterilized by chemical means, e — barley Bterilized by 
chemical means. 

The germination of the wheat raised the temperature of a 200-gram sample 
from 2.8° C. to 3.3° C. With the barley the temperature of germination 
after chemical sterilization caused a rise of 3.6° C. for a 200-gram sample 
or a rise from 17.3° C. to 20.9° C. in four days. These data indicate that 
the high temperatures found in heating grain could not be caused by ger- 
mination alone, since in no case did the temperature rise above 25° C. — 
a temperature which was found in a single case among the trials with oats. 

Temperatures due to fungous growth 

In order to select proper fungi for heat production in grain, a prelimi- 
nary survey was made of the species of molds present on 1 ‘heating ’ 9 grain 
and three of those commonly found in such materials were selected. They 
were: Aspergillus niger Van Tieghem, Aspergillus flavus Brefeld, and 
Aspergillus fumigatus Fresenius. These three species had been isolated 
in pure culture and grown on corn-meal agar slants. From these slants, 
subcultures were made to corn-meal in Erlenmeyer flasks and from these 
cultures the spores were gathered for inoculating the grain in the thermal 
chambers. Thus all medium was eliminated from the chamber. Wheat, 
oats and barley were used in the trials. The seeds were sterilized by dry 
heat in 200-gram samples as in the case of those studied for temperatures 
of germination. After sterilization the seeds were allowed to cool to room- 
temperature and then a sample of the grain was removed from the con- 
tainer and its moisture content determined by the Brown-Duvel method. A 
germination test was made on a second portion and all samples testing less 
than 90 per cent, germination were discarded. 'Those samples of proper 
germinability were then brought to 18 per cent, moisture content by the 
addition of sterile water and placed in the ice box for 24 hours to allow the 
added water to diffuse throughout the mass. After this time, the samples 
were transferred to sterile Dewar flasks prepared in the same way as those 
used for determining the heat of germination. Spores from the cultures 
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growth of AspergQlvs niger t A. flaws and A. fumigatus at 
18 and 20 per cent moisture content 
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were introduced into the flasks at this time, being placed as near the center 
of the flask as possible by estimation. The introduction of the spores was 
made in a closed inoculation chamber. Temperatures were read and re- 
corded as in the study of the heat of germination. 

The data from the mold studies showed that these fungi were very active 
in producing heat when grown on moist grain. The summarized data are 
presented in table II and fig. 2. Aspergillus niger raised the temperature in 
the samples of the three grains at 18 per cent, moisture content used, as fol- 
lows: oats, 25.9° C. to 52.2° C. or a total of 26.8 degrees; wheat, from 25.7° 
0. to 85.5° C. or a total of 9.8 degrees; and barley, from 28.1° C. to 50° C. 
or a total of 21.9 degrees. Aspergillus flavus raised the oats sample from 
25.1° C. to 51.1° C. or a total of 26 degrees; wheat from 28.1° C. to 35.5° C. 
or 7.4 degrees ; and barley from 33.4° C. to 49.4° C. or 16 degrees. Asper- 
gillus fumigatus was used only with oats and wheat, and although it started 
somewhat slowly the rise in temperature was correspondingly large; oats, 
from 26.8° C. to 53.2° C. or 26.4 degrees; and wheat, from 26.0° C. to 
31.2° C. or 5.2 degrees. In all cases the control flasks of sterile grain showed 
no appreciable rise in temperature during the experiments. In the case 
of wheat, two trials of five samples each were made using Aspergillus niger 
and Aspergillus flavus at 20 per cent, moisture content. The resulting in- 
creases in temperature with A. niger from 28.1° C. to 51.5° C. (23.4°) and 
A. flavus from 29.7° C. to 45.5° C. (15.8°) indicate that the amount of heat 
generated by the molds will vary with the percentage of water in the grain. 
Presumably there is a minimum, optimum and maximum which is deter- 
minable. Furthermore, the different molds differ in the time of their 
reaction. A. niger and A. flavus both act rather rapidly bringing the tem- 
perature to a maximum in approximately four days, while A. fumigatus 
did not reach its maximum heat production until after the fifth day. 

That other fungi in addition to species of Aspergillus will produce heat 
in moist grain, is indicated from a trial made with a Mucor (sp. undet.) on 
oats at 18 per cent, moisture. In this trial four samples were run and the 
temperature was raised from 19° C. to 44° C. (25° C.) in six days. 

One other significant fact may be deduced from these data; that is, 
the glumed grains, oats and barley, presented a better substrate for the 
growth of the fungi concerned than did the naked berry, wheat. This ob- 
servation is borne out by the fact that in storage the glumed grains are con- , 
sidered to be more liable to heating than is wheat. 

Summary 

In order to study the effect of molds on the temperature of stored grain, 
three of those most frequently found in moldy grain, Aspergillus niger Van 
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Tieghem, Aspergillus flavus Bref., and Aspergillus fumigatus Fres., were 
grown in pure culture on artificial media and inoculated into samples of 
oats, barley, and wheat, which had been previously sterilized and brought 
to a moisture content of 18 per cent. The sterilized grain was placed in 
sterile, pint thermos bottles and the temperatures were obtained by means 
of thermometers inserted through sterile cotton plugs. Headings were made 
twice each day. The grain was sterilized by means of heat; 200-gram sam- 
ples were held at 100° C. for 30 hours. Control experiments, consisting of 
samples of each grain used without the mold were placed at 18 per cent, 
moisture in separate flasks, and samples of sterilized grain with sufficient 
moisture to bring about germination, were carried out in all trials. In 
addition, samples of sterilized \yheat at 20 per cent, moisture content in- 
oculated with A. niger and A. ftavus were included. 

The data gathered showed that under the conditions of the trials, the 
rises in temperature due to germination of oats, wheat, and barley, were 
6.8°, 2.6°, and 3.6° C., respectively. A. flavus raised the temperatures of 
oats, wheat, and barley at 18 per cent, moisture content, 26°, 7.4°, and 
16° C., respectively. A. niger raised the temperatures of these grains 26.3°, 
9.8°, and 21.9° C., respectively. A. fumigatus raised the temperature of 
oats at 18 per cerft. moisture, 26.4° C. and wheat 5.2° C. At 20 per cent, 
moisture content, A. flavus and A. niger raised the temperature of wheat, 
15.8°, and 23.4°, respectively. These facts strongly suggest the probability 
that in bins of stored grains marked increase in temperature may be as- 
eribed to mold growth. 

Department or Botany, 

Iowa State College, 

Ames, Iowa. 
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CALLUSING OF COTTON STEM CUTTINGS 


H. E. Bea 
(with plate) 

In a previous paper ( 6 ) the ability of cotton stem cuttingB to callus and 
root was reported. In this earlier experiment rather meager results were 
obtained. Only 43 per cent, of the cuttings used callused, while barely 6 
per cent, rooted. A number of trials have subsequently been made without 
materially increasing the percentages of cuttings rooted. 

The stem cuttings of some plants do not necessarily callus before forming 
roots but, in general, callusing is associated with the rooting of stem cut- 
tings ( 4 , 7 ) . All of the stem cuttings of cotton that have been observed to 
root have first callused so that the formation of calluses may probably be 
considered an essential accompaniment to the rooting of cotton cuttings. 
Thus little hope is entertained for obtaining a very high percentage of 
rooting before a higher success at callusing cotton stem cuttings is secured. 
With much the same idea that germination tests are conducted with seed, 
it was decided to make a number of callusing trials with cotton stem cut- 
tings. While the securing of callus does not insure the rooting of a cutting 
ordinarily, the factors that favor callusing also favor rooting ( 4 , 7 ). From 
such callusing experiments it was hoped that a better idea of the optimum 
conditions for rooting cotton stem cuttings might be more rapidly deter- 
mined. 

Early in the fall of 1929 some Osage-orange ( Toxylon pomiferum ) stems 
enclosed within an ordinary glass fruit jar, which had been partially filled 
with moist soil before closing, was observed to have callused very profusely. 
This was not considered unusual for Osage-orange stems but it did suggest 
the use of this type of jar as an interesting propagating chamber. When 
glass jars are loosely closed with the screw top, they provide most of the 
features of the Wardian propagating case (3) in a unit very convenient 
for experimental work. 

Accordingly, on November 13, 1929, a number of callusing trials, using 
tiie glass jar as a propagator, was set up. The process of preparing the 
material and setting up the experiment consumed the three days prior to 
the thirteenth, but all of the propagators were not finally in place until 
that day. From previous experience it was known that handling the cut- 
tings during the process of callusing was injurious so that few observations 
were made prior to the completion of the test. Previous experience also 
indicated that approximately four weeks were required for the cuttings 
to callus so that it was decided to allow six weeks for the completion of the 

675 
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experiment. On December 22 and 24 all propagators were opened and 
records made of the number of cuttings with clean basal callus, within each 
propagator chamber. 

A certain procedure was established as standard on the basis of usual 
recommendations (1, 3, 9). These standard practices were used with the 
bulk of the cuttings handled, while variations from these standards were 
made from group to group. These standards and v« r i n +’ r > T ’ a «i*a d«. 
scribed below. 

Plant materials 

Cutting wood 

In collecting the cotton plants from the field all the leaves and lateral 
branches were trimmed from the central stalk. Only the main stem was 
used in making cuttings. As a usual procedure the main stem was divided 
roughly into three sections: the upper one-third furnishing the soft wood 
cuttings; the middle one-third the medium mature cuttings; and the lower 
one-third the mature cuttings. In the case of the soft wood cuttings this 
division was not always strictly held to, as portions of the upper one-third 
were sometimes too mature to be classed as soft wood. In no case was any 
wood used that was so tender as to wilt down under the conditions of the 
experiment. 

All cutting wood was used immediately upon collecting it from the field 
except in one lot where the storage of the wood for twelve hours was tested. 
No special treatment was given the wood under storage as it was held at 
dry air condition in the laboratory. Fresh cuts were made on the wood 
stored as the cuttings were placed in the propagators. 

Standard cuttings. — The standard cutting used throughout the ma- 
jority of the tests consisted of stems from 10 to 15 centimeters in length con- 
taining from 3 to 4 nodes. Both the apical and the basal cuts were made 
with a sharp knife and the basal cut was made closer to the node than the 
apical cut. All standard cuttings were cleaned of any buds, bracts and 
leaves which were not removed in the field. All cuts made with the knife 
were sloping or angular. In specific experiments variations from the stand- 
ard cuttings were made to test the particular variation. 

Two node cutting.- — The short cuttings were from 5 to 7 centimeters 
in length and included a single internode with 2 nodes. The cuts were 
made as with the standard cutting. 

Bough cuts. — Cuttings made of both standard and 2 node size, where 
the cuts were made with sharp pruning shears and only the leaves, buds, 
and bracts removed in the field trimming, were classed as rough cuts. All 
cuts made with the shears were straight or square. 
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Embedding of cuttings 

In using standard length cuttings placed in soil, the base of the cutting 
was usually covered to a depth of about 5 centimeters. In one series the 
amount of soil itself was varied. In these experiments the cuttings were 
covered from 4 to 8 centimeters in accordance with the volume of soil used. 
When Sphagnum moss was used the butts of the cuttings were covered 
less than 4 centimeters. In the case where no solid medium was added the 
cuttings rested on the bottom of the propagator. 

In a number of propagators the bases of standard cuttings were inverted 
and left exposed in the moist air above the soil material used. The tops 
of the cuttings in these jars were embedded in the soil about 5 centimeters. 
Inverted cuttings were not used with media other than soil materials. 

The two node cuttings were too short to permit covering the bases suffi- 
ciently to hold them erect so that they were allowed to lie flat on the surface 
of the soil material, leaving the entire cutting exposed. With other propa- 
gators in which two-node cuttings were used the cuttings were completely 
covered with the soil material. 

Potassium permanganate treatment 

Curtis (2) was able to hasten the rooting of Ligustrum ovalifolium by 
various treatments of potassium permanganate. To test the possible value 
of this chemical in stimulating callusing in cotton one hundred and forty 
cuttings were treated for thirty minutes. The basal cuts of four separate 
lots of thirty-five cuttings each were submerged in 2, 1, 0.5, and 0.25 per 
cent, solution of potassium permanganate in water for thirty minutes and 
then washed with water before placing them in the propagators. As a check 
against the potassium permanganate treated cuttings one lot of thirty-five 
cuttings was allowed to stand in tap water for the same length of time, 
under similar conditions. In each propagator in these tests five cuttings 
of untreated Ligustrum japonicum were also included as a check against 
the general condition for callusing within the propagator. 

All the cuttings in these experiments were placed in ordinary quart fruit 
jars along with such other materials as are described under media. The 
jars were closed by screw tops without any rubbers. No attempt was made 
to modify the light condition under which propagators were placed. The 
fruit jar gives in a small unit propagation cases very similar to the 
Wardian propagating case when the top is loosely screwed on. The normal 
number of cuttings placed within each propagator was 10. To determine 
results of crowding the cuttings, twenty cuttings per propagation were used 
in a number of cases. 
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Media 

Soil material 

Fine gravel. — The fine gravel material used contained rounded quarts 
pebbles ranging in size from slightly more than one fourth inch in diameter 
to slightly more than one fourteenth of an inch. The screening of the 
fine gravel through various sized screens showed that 22 per cent, by weight 
failed to pass through the sereen with 4 meshes to the inch ; 63 per cent, was 
held back by a screen with 6 meshes, and 15 per cent, by a 14-mesh screen. 
All of the material passed readily through a 2-mesh screen while none 
passed through the 14-mesh screen. The moisture content of this material 
at the beginning of the experiments was 2.7 per cent, and no water was 
added during the course of any of the trials. 

Coarse sand. — The coarse sand consisted of much finer quartz particles 
most of which were angular, although a few of the largest particles were 
rounded. A sereen with 6 meshes retained 11 per cent, by weight of the 
larger particles; while 54 per cent, passed through a screen of 12 meshes 
but were retained by the 14-mesh screen. All of the material passing 
through the 14-mesh screen was retained by the 20-mesh screen, and made 
up 35 per cent, of the total weight of the composite samples of coarse sand. 
The coarse sand continued 4.6 per cent, moisture. 

Fine sand. — The fine sand contained particles which passed through 
the 12-mesh screen but failed to pass through the 20-mesh to the extent of 
10 per cent, by weight. The material that passed the 20-mesh screen but 
failed to pass through the 40-mesh screen made up 85 per cent, of the 
samples while 5 per cent, passed through the 40-mesh screen but was re- 
tained by the 60-mesh screen. This material contained 8.2 per cent, 
moisture. 

Houston black clay. — This material was surface soil of typical Hous- 
ton Black Clay and contained 28.2 per cent, moisture. In this condition 
it was very friable. 

Volume of boil material. — In sections of the experiment the volume 
of soil was varied. The jars were filled at the rates of 200, 350, and 500 
milliliters of soil in the various sections of the test The total value of the 
jars was found to fee 065 milliliters so that 765, 615, and 465 milliliters of 
the space in the jars above the respective volumes of soil, were occupied 
by air. 

Soil moisture. — The moisture content of each material used was deter- 
mined at the beginning of the experiment and is given under the descrip- 
tion of the specific material Unfortunately, determinations of the final 
moisture of the soil at the end of the experiment were not made. However, 
the phonological studies of the cuttings indicated that little or no moisture 
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was lost from the propagation chamber during the test period. In order to 
furnish some evidence to support these observations a separate set up was 
tested later. On February 20 moisture determinations were made on four 
separate lots of Houston black clay mid one lot of coarse sand. These lots 
were divided into four separate fractions and treated as shown in table ! 
for six weeks and the determination of moisture made at the end of 
that time. 


TABLE I 

Average fib cent, or moisture in Houston black clay and coarse sand after 
STORAGE IN LOOSELY CLOSED GLASS JABS FROM FEBRUARY 29-AFRIL 4, 1930 


Location from Feb. 20- 
Apb. 4 

Houston black clay 

Coarse sand 

Jars pilled 3/4 

PULL 

Jars filled 1/4 

FULL 

Jars pilled 3/4 

PULL 

Initial pee cent 

Weather plat 9" un- 

37.7* 

| 37.7 

3.8 

derground 

38.3 



Boom no. 1 

37.6 

37.6 

3.7 

Greenhouse 

38.7 


— 


* The average percentage of moisture recorded in the table is the result of four 
separate determinations. 

Sphagnum moss 

The Sphagnum moss used was the common commercial grade, unsteril- 
ized. The moss was thoroughly saturated and then squeezed as dry as pos- 
sible by hand. 

In several series no medium other than the air contained within the jar 
was used. In one series both the cuttings and jar were washed with tap 
water and immediately drained. In this series such water as clung to the 
jar and cuttings was left in the jar. In a second series the unwashed 
cuttings were placed in jars that had been previously washed in tap water. 
In a third set up both the cuttings and jar were left without introducing 
any free water. 

Temperature 

Although the temperature could not be controlled directly for the 
benefit of this experiment, four locations were available where daily tem- 
perature records were being kept. In table II is given the weekly mean 
and also the m aximu m and ncitiimnni temperatures for each location 
thr oughout the course of the experiment. 
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TABLE H 

AVERAGE AND EXTREME TEMPERATURES PREVAILING THROUGHOUT THE EXPERIMENT 


Date week 

ENDING 

1 Averaging temperature 

Weather plat 

9" UNDERGROUND 

Boom no. 1 

. Boom no. 2 

Greenhouse 



0 C . 

°C. 

°0. 

Nov. ie 

16.0 

16.0 

14.0 

16.0 

Nov. 23 

12.0 

15.0 

17.0 

15.0 

Nov. 30 

9.0 

14.0 

16.0 

21.0 

Dee. 1 ......... 

9.0 

15.0 

17.0 

21.0 

Dee. 14 

9.0 

21.0 

21.0 

27.0 

Dec. 21 

14.0 

17.0 

18.0 

21.0 

Average 

11.5 

16.3 

17.3 

20.2 

Maximum ... 

18.0 

28.0 

28.0 

36.0 

Minimum 

4.0 

3.0 

3.0 

j 

4.0 


Results 

The percentage of cuttings callusing under the various conditions just 
outlined was generally low; but in a few cases the results were excellent. 
The data concerning the percentage of callusing in the various trials are 
given in table 111. 

Selection of the proper wood is considered very important in securing 
a high percentage of callusing with any kind of cuttings (6, 8). Some 
types of wood apparently will callus under a wide variety of conditions 
while other wood will callus only feebly under the most careful and special- 
ized environment. Cotton stem cuttings appear to respond only to a 
narrow range of conditions. In previous trials soft wood of cotton has 
been callused in an environment under which mature wood has shown little 
tendency to callus. Yet under the environment provided in this recent ex- 
periment the reverse was true. Soft wood cuttings were callused in the 
propagators in only 6.1 per cent, of the trials while the propagation cal- 
lusing was increased as more mature wood was used. Out of a large num- 
ber of trials made 25.9 per cent, of the medium mature, and 46.8 per cent, 
of the mature cuttings produced calluses. 

Immediate use of the cutting wood after it has been taken from the 
plant is usually recommended as conducive to the best results (1, 3, 9). The 
bulk of the cutting wood collected for these trials was used immediately 
after collecting but a small portion was stored for twelve hours prior to 
making the cuttings. The records in table III show that 31.7 per cent. 
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TABLE III 

Percentage or callusing under the conditions tested 


NS Or EXPERIMENTS 

Total 

NO. 

GUTTINGS 

Cuttings callusid 



[soft 

10# 

12 

6.1 

■ medium « 

548 

142 

25.9 

mature 

474 

222 

46.8 

1 12 hrs. storage 


64 

58.2 

( immediate use ....... 

1204 

382 

31.7 

( rough 


43 

33.1 

(smooth 

1174 | 

403 

34.3 

upright, base covered 

inverted, base exposed 

486 

132 

27.2 


79 

98.7 

horizontal, completey covered 


21 

52.5 

horizontal, completely exposed 

263 


60.8 

water (check) 

35 

24 

68.6 

2 per cent. K,MN s O t 

35 

5 

14.3 

1 per cent. K 3 MN 2 O g 

35 

6 

17.1 

0.5 per cent K*MN s O, 

35 

11 

31.4 

0.25 per cent KaMN^O* 

35 

9 

25.7 

Ligustrum (check) 

175 

168 

96.0 

f crowded, 20 cuttings each 

mm 

194 

48.5 

( non-crowded, 10 cuttings each 

■a 

185 

37.8 

fine gravel 

683 

245 

35.9 

coarse sand 

115 

52 

45.2 

fine sand 

146 

23 

15.9 

Houston black clay 

115 

66 

57.4 

'2 inches deep 

823 

289 

35.1 

< 3 inches deep 

161 


43.5 

4 inches deep 


5 

12.5 

f Spaghnum moss ... 

25 


0 

I jar and cuttings H,0 wash 


5 

8.3 

1 cuttings H 8 0 wash .... 


5 

12.5 

[ jar and cuttings dry 

142 

27 

19.0 

buried underground 11.5° 0 

180 


0 

room No. 1 16.3° C 

HFIiK 

79 

18.4 

room No. 2 17.3° 0...- 


112 

29.5 

greenhouse 20.2° C. 


82 

37.3 


Cutting wood 
Condition 

Degree of maturity 


Type of cut .. 


Position of cutting .. 


Chemical treatment... 


Depth of soil . .. 


Other media air in. . 


Temperature 


Condition in propagat- 
ing case 


Media for callusing ... 


and 58.2 per cent., respectively, of the immediately used, and the stored 
cuttings produced callus tissue. The actual percentage was in favor of 
storage. It is possible that the storage period improved the cutting wood. 
It is at least evident that delaying the use of the wood for twelve hourB 
did not injure it. 
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A clean, smooth, sloping cut in preparing the material for propagation 
is favored in ordinary procedure (4). Such cuts were standard for most 
. of the cutting wood handled ; however, one lot of wood was crudely pre- 
pared with pruning shears. From the results obtained as presented in 
table 111, it will be seen that about equal percentages of callusing were 
secured in the two groups. In the lots where cats were carefully made with 
a sharp knife 34.3 per cent, of the cuttings callused, while in those prepared 
with less care with shears, 33.1 per cent, callused. 

The placing of the cuttings in the medium is often manipulated to pro- 
vide optimum conditions for callusing. In some instances hardwood cut- 
tings are buried in moist sand beds with the base of the cuttings up (1, 3). 
This practice is especially common where sunlight is the only source of 
heat and the upper layer of the sand is warmer. Ordinarily, however, the 
cuttings are placed upright with the bases covered sufficiently with the 
medium to hold them erect and to prevent drying. Such procedure was 
the standard method of placing cuttings in this test. Several variations 
were also studied. In one case, the standard placement was completely re- 
versed. The tops were buried in the medium and the base of the cuttings 
were left protruding in the air contained within the propagator. Several 
lots of short cuttings were used and as they could not conveniently be placed 
vertically they were allowed to take a horizontal position. One group of 
shorter cuttings was left exposed on the surface of the medium while an- 
other was completely covered. From a study of the section of table III, 
presenting the records of these variations in treatment, it is seen that 98.7 
per cent, of the inverted long cuttings callused as compared with only 27.2 
per cent, of those not inverted. Both groups of the shorter cuttings callused 
fairly well, as 60.8 per cent, of those completely exposed, and 52.5 per cent, 
of the cuttings completely covered callused. It should be noted that ex- 
posure to moist air in both cases gave the highest results. Wherever up- 
right placement was followed, a great many of the exposed tops callused; 
however, such calluses are not considered in the present analysis. In the 
group of short cuttings callusing on both ends was general. There is little 
donbt that the moist air confined within the propagators above the soil 
material presented.the optimum conditions for callusing. 

Chemical treatment of the base of certain cuttings has stimulated callus- 
ing. By treating cuttings of Ligustrum ovalifolium with weak solutions of 
potassium permanganate Ctjbtis accelerated the development of roots (2). 
An attempt was made to test the possible value of potassium permanganate 
treatments with cotton cuttings. The bases of separate lots of cuttings 
were submerged with 2,' 1, 0.5, and 0.25 per cent, solutions of potassium 
permanganate in water for thirty minutes before being placed in the propa- 
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gators. A similar lot of cuttings was treated with tap water for the same 
length of tune. Calluses were developed on 68.6 per cent, of the -water 
treated cuttings while 31.4 per cent, of calluses was the highest for any of 
the chemically treated group. To measure the general favorableness for 
callusing within the propagators used for the chemically treated cuttings, 
a number of untreated Ligustrum japonicum cuttings was introduced. 
That conditions were favorable for Ligustrum is indicated by the fact that 
96.0 per cent, of these cuttings callused. 

One factor concerning the propagators themselves was investigated. The 
standard number of cuttings used w r as ten per propagator but in (me group 
20 euttings each were used. The percentages of cuttings callusing were 
37.8 and 48.5 respectively for the 10 and 20 cuttings per propagator lots. 
Thus there appears to be no reason for not filling each propagator to 
capacity. 

Of equal importance to any other factor is the medium in which cuttings 
are callused (1, 3, 9). For this purpose soil materials are extensively used, 
particularly, clean, sharp sand. The soil materials tested in this experi- 
ment included fine gravel, coarse sand, fine sand and Houston black clay. 
From table III it is evident that Houston black clay gave the best results. 
Cuttings placed in Houston black clay callused in 57.4 per cent, of the cut- 
tings, while coarse sand, fine gravel, and fine sand induced callusing of 
45.2, 35.9 and 15.8 per cent, respectively. 

The volume of the soil in the propagator affects the result. When the 
propagators were filled with 200 milliliters of soil, 43.5 per cent, of the 
cuttings callused. With 350 milliliters of soil 35.1 per cent, callused. The 
use of 500 milliliters of soil seemed to interfere with callusing as only 12.5 
per cent, of the cuttings used with this volume of medium callused. The 
volume of medium used was probably of little significance in itself but it 
is very likely that it influenced two other more important factors. When 
too little medium was used, the supply of moisture was probably lowered. 
With the use of too much medium the air space (available oxygen) was 
restricted. These two factors are very vital to the callusing of the cutting. 

Although Sphagnum moss is usually highly recommended for callusing 
cuttings, we obtained very poor results with it. Not a single cutting cal- 
lused where Sphagnum was used. Before the experiment had progressed 
very far, the poor results with Sphagnum moss were noted, and additional 
trials were made. Although various arrangements of cuttings in Sphag- 
num were tried, few cuttings were successfully callused. 

Three separate lots of cotton cuttings were placed in propagators with 
no medium other than air. In one lot the cuttings and the interior of the 
propagator were washed with tap water. In another only the propagator 
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was washed, and in the third lot no free water was introduced. The results 
presented in table 111 dearly show that these were all less successful than 
the tests in which soil materials were used. Of the three series of propa- 
gators in which no solid medium was used the one in which no water was 
used gave the best results. In this lot 19.0 per cent, of the cuttings callused. 

Temperature is one of the most vital factors affecting the callusing of 
cuttings ( 7 , 1 , 3 , 9 ). One lot of cuttings was hdd at an average tempera- 
ture of 11.5° 0. ; none of these callused. Three other lots were held at an 
average temperature of 16.3, 17.3 and 20.2° C., respectively. The per- 
centage of cuttings callusing increased with increasing temperature, as is 
shown in table III. 

Summary 

Reviewing the results of the experiment on callusing cotton stem cut- 
tings in glass fruit jar propagators, it is found that certain conditions pro- 
vided were injurious. The use of soft wood cuttings was notably unsuccess- 
ful. The treatment of cotton cuttings with aqueous solution of potassium 
permanganate reduced the percentage of callusing in the concentrations 
tried. Spaghnum moss was found to be a very poor medium for cotton 
cuttings and only very few cuttings were callused without the use of soil 
media. An average temperature of 11.5° C. was too low to permit callusing. 

Other conditions provided seemed to be optional. Cotton cuttings callus 
just as readily, and perhaps more so, after being stored for twelve hours 
as when used immediately. From the results obtained, it seems that smooth 
cuts are not entirely essential and that crowding of cuttings in the propa- 
gator is not injurious. 

On the other hand several factors seem to be highly favorable in callus- 
ing. Mature wood gave results superior to medium mature and soft wood. 
The exposure of the base of the inverted cutting to the moist air above soil 
materials appears to provide good conditions for callusing. Houston black 
clay was more favorable to callusing than other soil material used whether 
the bases of the cuttings were covered or exposed. The highest temperature 
used (20.2° C.) produced the highest percentage of callusing. 

Texas Agricultueal Experiment Station, 

College Station, Texas. 
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EXPLANATION OP PLATE 

A. Cutting wood used*. 1. Soft. 2. Medium mature. 3. Mature. 4. The main 
stem, of a cotton plant as trimmed in the held. 5. A defoliated cotton plant showing 
lateral branching. 

B. Types of cuttings as to maturity of wood: 1. Standard length mature. 2. 
Medium, and 3, Soft wood cuttings. 

C. Other types of cutting used: 1. Bough trimmed. 2. Smooth cuttings of stand- 
ard length. 3. Short two-node cuttings. 

D. Three cuttings with typical callusing of cambium along basal cut. 

E. Two jars showing placement of standard cuttings in the propagating cases. 

F. The calluses of cuttings inverted in the jar with basal cuts exposed. 

G. A thoroughly sorted cotton cutting. 



Plant Physiology 


Plate VIII 








PRELIMINARY STUDY OF ELONGATION OF BOOTS OF 
GEORGIA COLLARDS AS AFFECTED BY 
SODIUM LUMINAL 1 

T. W. Pbatt 
(with three figures) 

No study has hitherto been reported in botanical literature as to the 
toxic effects of sodium luminal on plant growth. Apparently, aU of the 
work with sodium luminal of biological character which has been reported, 
with the exception of medical cases, has been based upon animal experimen- 
tation. Interest in phytopharmacology and phytotoxicology has been 
stimulated by the experiments of Macht and Krantz (7) who determined 
the effect of digitalis solutions on the growth of seedlings. They found 
that the inhibition of the root-growth of Lupinus alius was proportional 
to the concentration of the digitalis solutions employed. 

Obviously, much information may be obtained by observing the be- 
havior of plant tissue under the influence of sodium luminal. Since, how- 
ever, no work on plant behavior in connection with sodium luminal, or 
luminal has previously been reported, it was considered advisable to sim- 
plify any problem selected and to eliminate all complicating factors pos- 
sible, if practical. Georgia collards, a variety of Brassica oleracea, were 
chosen for the tests. They were the same kind of plants used by Farr (2) 
in hiS studies of the effect of solutions on the elongation of root hairs. The 
seed of Georgia collards was purchased from W. Atlee Burpee Co., Phila- 
delphia, which company attested the purity of the seed. 

The main objects of the work here reported are: (1) the observation of 
any physiological reactions on the elongation of the roots of Georgia 
collards as affected by sodium luminal ; and (2) the determination of any 
correlation between the root elongation of the seedlings used in the ex- 
periments and the concentration of sodium luminal. 

Procedure 

The apparatus for the experiment was modified from that used by 
Farr (2) and set up as shown in fig. 1. Six microscopes, fitted with eye- 
piece micrometers calibrated in microns, were fixed rigidly on a platform 
placed on the bases of two iron supports. The barrels of the microscopes 
were arranged in a horizontal plane in order to allow the attachment of a 
glass water chamber to each stage. 

i Contribution from the Department of Botany, University of Oklahoma, n.s., no. S. 
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Pia. 1. Apparatus for the study of elongation of roots of Georgia collards as affected 

by sodium luminal. 


De Khotinsky’s* hard cement was employed to eement together the 
margins of six water chambers whose inside dimensions were, approxi- 
mately, 5.5 x 5 x 0.6 cm. An inlet and outlet for solutions, consisting of 
glass tubing, were placed in the top of each chamber. A water chamber 
was held in any desired position bn the microscope stage by a burette 
damp and a 0.5 inch rubber band*. 

Six seedling holders, one to fit into each of the water chambers, were 
constructed. Each approximated 0.5 cm. in thickness and was made from 
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3x1 inch micro-slides. A small groove, about 3 mm. in width,, was pro- 
vided for in th$ holders to help keep the seedling in vertical position for 
measurements. 

An aspirator and KOH tower were improvised to control the oxygen 
and carbon dioxide content of the solutions. The aspirator was made in 
the following manner. Two pieces of rubber tubing, eaeh about four feet 
in length and having an inside diameter of 0.75 inch, were attached to two 
connections of a glass T-joint. This T-joint was mounted near the top of 
a support by a burette clamp in such a way that the third connection to the 
aspirator bottles and KOH tower was in an elevated position. One of the 
four-foot lengths of rubber tubing was joined with a water line; the 
other rubber tubing of similar length led into a drain trough. 

A Squibb separatory funnel, 500-ml., served as a KOH tower. It was 
mounted near the center of the apparatus to facilitate the distribution 
of the C0 2 -free air to all of the solution bottles. To the separatory funnel 
was attached a thistle tube for the removal of waste. 

One system of connections, consisting of rubber tubing, glass T-joints, 
glass T-joints, metal stopcocks, and bent glass tubing of suitable lengths, 
led from the aspirator to the eight 1500-ml. aspirator bottles and to the 
KOH tower. During operation of the aspirator, the C0 2 -free air was 
drawn from the separatory funnel, containing potassium hydroxide, to 
the bottles containing solutions, the rate being controlled by the adjust- 
ment of stopcocks and the rate of water flow through the aspirator. 

Six aspirator bottles, one for each microscope, were connected to the 
water chambers by rubber tubing. Hoffman (screw compressor type) 
clamps were used to control the gravity flow of the solutions from the 
aspirator bottles to the water chambers. Glass tubing and a small funnel, 
placed beneath the outlet of the water chamber, carried the used solution 
to a drain trough. Two additional aspirator bottles, connected with the 
aspirator and KOH tower, were used for the aeration of distilled water 
oftentimes required for solutions. 

In general, the experimental routine was as follows. About 50 seeds 
of Georgia collards were placed on a wet filter paper in a moist chamber 
and permitted to germinate, in preparation for a day’s tests. Two days 
afterwards, distilled water was added to the aspirator bottles and aerated 
with C0 2 -free air one or more hours before the seedlings were mounted. 
Six seedlings, having roots which were straight and near 10 mm. in length, 
were selected and attached individually to the seedling holders with bees- 
wax. Each water chamber was washed out and filled from the aspirator 
bottle by the solution in which a seedling was placed. The seeds of the 
young plants were allowed to remain above the water level. The root tip of 
each seedling was then focussed under a low power lens and the water 
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chamber made last to the stage of the microscope with a burette damp. 
Frequently the water chambers were changed in position to hold the root 
tips in the fields of vision of the microscopes. If no growth occurred in 
one or two hours, the mount was replaced or discarded. Only a few 
.seedlings were necessarily remounted. 

Usually careful observation of the seedlings was made between 8:00 
and 11:00 P. M. One to three controls were selected for each day's 
tests. Headings of the elongation of the roots of all the seedlings were 
made every 15 minutes for 8 hours. Occasionally a reading was not 
recorded if some interference was evident. During the first hour of the 
15-minute readings, 200 cc. of each concentration of sodium luminal re- 
quired, was prepared. Five minutes before the expiration of the first 
hour Of regular observation, the flow of distilled water was stopped. The 
remainder of the distilled water, in those aspirator bottles which were to 
be used for the drug, was replaced by a sodium luminal solution. At 
the end of the hour after readings were recorded, the water chambers 
were washed out by a rapid flow of solution from the six aspirator bottles, 
after which the flow was adjusted to drop regularly. 

Headings of root elongation of the controls, as well as of the seedlings 
subjected to sodium luminal, were taken for 1.5 hours. Five minutes 
before the completion of the above 1.5 hour period of time, the delivery 
tubes from the aspirator bottles were again clamped. The aspirator bottles 
containing the sodium luminal solutions were washed and supplied with 
aerated distilled water. After the customary procedure, all of the water 
chambers were flushed with distilled water. Readings were further re- 
corded for 2 15-minute periods. On completion of a day’s observation, the 
readings which were -at first designated in terms of the divisions of the 
eyepiece scale were then converted into microns and recorded. The aver- 
age elongation of the roots of all the seedlings was tabulated as shown 
in table I. 

The general routine waB slightly modified as the plan of the procedure 
required. The work was divided into 3 series, each part consisting of the 
tests performed with certain concentrations of sodium luminal. Each 
solution of the drug was expressed in per cent, as was done by Macht and 
Kbantz (7) and arranged thus : Series 1—0.2, 0.4 and 0.8 per cent ; Series 
2 — 0.1, 0.5 and 1.0 per cent, and Series 3 — 0.3, 0.6, 0.7 and 0.9 per cent. In 
connection with each series, controls were used for comparison, two or three 
water chambers being reserved for that purpose. 

The rate of the elongation of the roots of 10 seedlings was observed in 
each concentration of sodium luminal. This study, including the arrange- 
ment of the apparatus, was started in December, 1929, and finished in May, 
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1930. The readings, however, were taken over a period from March 3, 
1930 to April 21, 1930. 

Results 

In table I, the control is based on the readings of all the seedlings 
in the different series not affected by sodium luminal. The percentages 
represent the different concentrations of sodium l uminal employed, and 
their arrangement in the table is according to the order followed in the 
different series. The average elongation of the roots in microns, as re* 
corded in the first four columns of the treated seedlings, was made in dis* 
tilled water ; the figures listed in columns 6, 7, 8, 9, 10, 11, dealing with 
the same plants, represent the growth as influenced by different strengths 
of the drug, and the averages in the last two columns of table I stand for 
the elongation observed during the second application of distilled water. 



Flo. 2. Bate of elongation of the roots of Georgia collards in microns for 16* 
minute intervals during a period of 3 hours. Curves plotted from the averages of root* 
elongation taken from table X. Divisions on the ordinates represent elongation in 
micron*; abscissas, corresponding with the bases of the graphs, are divided into egual 
parts which represent 15-minutes intervals of time. 
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Fig. 8. Curve showing the per cent, of the elongation of the roots of Georgia col- 
lards grown in sodium luminal as compared with growth in distilled water. From data 
of column 10 and column 6 in table II. The percentages of elongation are represented 
by points on the ordinates. Spaces on the abscissas indicate the per cent, concentra- 
tions of the sodium luminal. 


Discussion 

Distilled water was found to be practical for use as a culture solution 
in these experiments. A few tests demonstrated that sodium luminal could 
not be used in Enop’s nutrient solution as a precipitate would form when 
the two were mixed. Since the roots of Georgia collards made reasonably 
constant elongation in distilled water for a few hours, a nutrient solution 
was not considered necessary. 

It is well known that distilled Water is not suitable, in general, for 
plant cultures. True (10) reported that the radicles of Lupinus dibus 
were very sensitive to distilled water. True and Bartlett (12) found 
that the roots of Lupinus albus gave up their salts until the reserves were 
exhausted, when grown in the. dark in distilled water. In referring to 
the effect of distilled water on the roots of certain seedlings, Osterhout 
( 8) states that “The effects which have been described as due to distilled 
water were, also produced by water taken directly from ponds, rivers, 
springs; they are not due, therefore to toxic substances respiting from the 
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process of distillation.” However, Tkue (10), in alluding to a paper pub- 
lished by Tbtje and Babtlett (11), claimed that Canada field peas make 
a fairly healthy growth in distilled water, which indicates that not all 
plants are sensitive in the same degree to distilled water. 

The results of experiments conducted by Hibbard (3) indicate that the 
seedling roots of Lupinus alius excrete a substance that inhibits growth. 
To prevent the possibility of such excretions modifying the behavior of 
the roots of Georgia collards, a flowing solution, which would remove toxic 
substances, was employed. 

Due to the fact that a nutrient solution could not be used satisfactorily 
in connection with sodium luminal, root hairs were eliminated as possible 
test objects. Only relatively few plants, according to Fabb (2) produce 
root hairs in solutions. Although Georgia collards will produce aquatic 
root hairs in a well-balanced nutrient solution, no similar development 
occurs in distilled water. Actually, there is a tendency for the amphibious 
root hairs of Georgia collards to become abortive when immersed in dis- 
tilled water. 

The use of root hairs would no doubt offer some advantages in deter- 
mining the effects of certain drugs on plant growth. Root hairs are very 
sensitive and development is relatively simple, as explained by Fabb (1) . 
Jeffs (4) who investigated the relation of the elongation of root hairs to 
light and temperature, recognized that the response of root hairs could be 
more accurately measured than the complex results occurring in a multi- 
cellular structure such as a root. 

Acceptable work, however, has been accomplished by the action of 
various chemical agents on the retardation of root growth. Trealease and 
Trealease (9) claim that root elongation in very young seedlings is not 
too complex for reliable, experimental results. In addition, Macht and 
Krantz (7) obtained most consistent results in demonstrating that the 
root growth of the seedlings of Lupinus alius was inversely proportional 
to the concentration of the solutions of digitalis used. 

No provision was made for the control of temperature. Variations in 
temperature may cause retardation or acceleration of root elongation. 
Leitch (6) reported that the rate of growth of the roots of Pisum sativum 
can be expressed as a uniform curve from - 2° to about 29°. Work per- 
formed by Lehenbauer (5) as abstracted by Trealease (9) shows that 
van't Hoff’s rule, that there is a doubling or trebling of chemical action 
by each rise in temperature of 10° C., applies to the growth of maize 
seedlings, within the range of 20 to 30° C. 

The widest range of temperature (recorded about every hour) during 
the course of these experiments, was from 19.5 to 28° C. Such extremes of 
temperature were observed only twice. Usually die thermometer varied 
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from 22 to 24° C. Although controlled conditions would have been prefer- 
able, the fluctuations affect the seedlings equally in any given series of tests. 

The disadvantages of working under variable light conditions were 
partially offset by employing three or more concentrations in each series. 
Any variations of root elongation of the plants within a series, based on a 
number of tests, are evidently due to the differences in the concentration 
of the sodium luminal. 

No attempt is made to compare the effects produced by sodium, luminal 
on root-elongation as shown in the different series, since influential factors 
such as temperature, light, humidity, etc., were not controlled. 

The writer wishes to express his appreciation to Dr. R. E. Jeffs, plant 
physiologist, who ably directed the problem, and to acknowledge his indebt- 
edness to Dr. Paul B. Sears, Head of the Department of Botany, who gen- 
erously supplied the necessary materials, and offered many constructive 
criticisms. 

Summary 

1. Distilled water was found suitable as a plant culture for a pre- 
liminary study of the root-elongation of Georgia collards as affected by 
sodium luminal. 

2. Sodium luminal, 0.1 to 1.0 per cent, was toxic to the roots of Georgia 
collards. 

3. Pronounced retardation of root-elongation was produced by sodium 
luminal, used in concentrations from 0.1 to 1.0 per cent., within 1.5 hours 
after administration. 

4. The effect of the sodium luminal on the root-elongation was immedi- 
ate, the greatest retardation occurring during the first of the six 15-minute 
intervals of observation. 

5. Distilled water partially removed the depressant action of the sodium 
luminal and accelerated the elongation of the roots. 

6. In each series of experiments conducted, a close relation appeared 
between the elongation of the roots and the concentration of the sodium 
luminaL The stronger the concentration of the drug, the greater the 
retardation of root growth. 
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EFFECT OF VARIOUS METHODS OF STORAGE ON THE 
CHLOROPHYLL CONTENT OF LEAVES 1 

Philip A. Habriman 
(with one figure) 

Problems involving the quantitative determination of the chlorophyll 
content of leaves have been carried out chiefly with plants grown in a 
greenhouse or in the immediate vicinity of a laboratory. This allows the 
extraction of the chloroplast pigments within' a few minutes after the 
samples are secured and, as the chlorophyll content of the leaves is prae- 
tically unaltered, the results may be taken to represent the conditions exist- 
ing in the living tissue. A recent investigation by Deubeb (1) shows a 
wide variation in the chlorophyll content of the leaves of different species 
of trees. The chlorophyll determinations were all made from fresh leaves 
gathered from trees growing near the laboratory. It would be desirable 
to have similar information regarding the leaves of trees growing in other 
localities where environmental conditions are different. The investigation 
of Sprague and Shive (9) on the relations between chloroplast pigments 
and the dry weights of tops in dent corn and the work of Guthrie (3) on 
the effect of environmental conditions on the chloroplast pigments suggest 
interesting and instructive problems that might be carried out with plants 
growing in widely separated habitats. 

In such cases the extraction and determination of the pigments must 
be made from stored or preserved leaves. As the question of storage of 
green tissues for later determination of chloroplast pigments has received 
only slight attention, it is the purpose of the present investigation to deter- 
mine the effect of various methods of storage on the chlorophyll content 
of leaves. 

Procedure 

About 50 experiments were carried out with duplicate and in some cases 
triplicate samples. Since only a limited number of determinations could 
be made at the same time, it was necessary to divide the experiments into a 
number of series. In each series one set of samples was used for immediate 
extraction to determine the chlorophyll content of the fresh leaves ; another 
set of samples was used to determine the moisture content of the leaves;.. 
and the rest were dried or stored under the various conditions of the respec- 
tive experiments. The chlorophyll content of the dried or stored leaves 
was then determined and the amount retained expressed in per cent, of the 
chlorophyll content of the fresh leaves. The determinations were all made 

X Contribution from the Osborn Botanical Laboratories, Yale University. 
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on Wilson soy bean or on dwarf nasturtium leaves and, in most eases, 
on both. 

The ehloroplast pigments were extracted and separated after the method 
of WilijSTattee (10) as modified by Schebtz (7, 8) and the amount of 
chlorophyll determined colorimetrically by means of a Duboscq colorimeter. 
The probable error of a single observation by this method is stated to be 
about 3.3 per cent, for chlorophyll solutions with concentrations of 0.05 
grams per liter. In the present investigation the average probable error 


determined by Bessel’s formula, P.E.M. equals .6745 


/Id 5 " 

\n(n-: 


1 )’ 


is 2.16 per 


cent. Both pure chlorophyll 2 solutions and the artificial color standard of 
Guthrie (2) were used, but because of its greater stability it was found 
advantageous to use the artificial standard for most of the determinations. 

To determine the effect of the temperature of storage on the chlorophyll 
content of the leaves, they were dried in ordinary drying ovens at 98° C., 
72° C., 60° C., 45° C., 30“ C., and at room temperatures; they were stored 
in an electric refrigerator at 5° C. and at -5° C.; and they were frozen 
with Dry Ice (solid carbon dioxide snow). In every case the leaves were 
spread on coarse filter paper in a single layer. 

In order to bring about a rapid removal of the water from the leaves 
without increasing the temperature, a vacuum desiccator was used. The 
desiccator was evacuated by means of a filter pump and both anhydrous 
calcium chloride and concentrated sulphuric acid were used as dehydrating 
agents. A number of leaf samples were also desiccated at reduced pressure 
in the absence of oxygen and carbon dioxide, the desiccator being filled with 
air which had passed through a solution of potassium hydroxide and 
pyrogallic acid. 

Discussion of results 


Effect of temperature 

When dried at 98* C. soy bean leaves retained only 30 per cent, of the 
chlorophyll found in the fresh leaves, but when dried at 72° C. they retained 
88 per cent of their chlorophyll. With further decreases of the tempera* 
ture of drying, sti^l higher percentages of the chlorophyll were retained, 
and at 45° G. 98 per cent, or practically all of the chlorophyll remained in 
the dried leaves. Soy bean leaves dried at 30° C:, however, suffer a slight 
loss of chlorophyll and those dried at room temperature (approximately 
20 s C.) retain only 70 per cent, of their chlorophyll. It is of interest to 
note that leaves dried at this temperature retain less chlorophyll than those 

* Hie pure chlorophyll need was obtained through Dr. Ca*& G. Dbcbkb from Dr. F. 
& Schxkfz of the Bureau of Plant Industry, TJ. S. Department of Agriculture. 
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dried at any other temperature exsept 98° C. In soy bran leaves stored 
at - 5° C., at which temperature they were not actually frozen, only 81 
per cent, of the chlorophyll was retained ; but, when the leaves were frozen 
with Dry lee, the chlorophyll content of the leaves was unaltered. See 
table I. 

TABLE I 

Effect or tkmfxkatxtbe or drying on chlorophyll content or soy bean leaves 


Samples no. 

Tempera- 

• TUBE 

Chlorophyll 

Amount per om. or dry weight 

Amount 

RETAINED 

Fresh leaves 

Dried leaves 


°C. 

mg. 

mg . 

percent . 

II A 

98 

22.5 

6.8 

30 

X A 

72 

13.7 

12.0 

88 

IX C 

60 

21.9 

20.8 

95 

VI C 

45 

16.5 

16.1 

| 98 

XII G 

30 

17.5 

16.9 

96 

II B 

20 

22.5 

15.8 

70 

II C 

5 

22.5 

: 17.2 

76 

IX M 

-5 

21.9 

17.7 

81 

XII M 

-40 to-10 

17.5 

18.1 

103 


The results obtained with nasturtium leaves are similar to those obtained 
with the soy bean leaves and are given in table II. The maximum amount 


TABLE II 


Effect or the temperature or drying on chlorophyll content or nasturtium 

LEAVES 


Sample no. 

Tempera- 

ture 

Chlorophyll 

Amount per om. or dry weight 

Amount 

retained 

Fresh leaves 

Dried leaves 


°a 

mg . 

mg . 

per cent . 

I A 

98 

21.8 

7.1 

32 

IV A 

72 

23.8 

18.8 

79 

VIII c 

60 

17.3 

16.1 

93 

XIII c 

45 

18.0 

15.5 

86 

VII G 

80 

17.7 

15.7 

88 

I B 

20 

21.8 

17.8 

81 

I C 

5 

21.8 

17.4 

80 

XIII M 

—5 

18.0 

15.7 

87 

VIII N ........ 

-40 to-10 

17.3 

17.5 

101 
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of chlorophyll retained in the oven dried leaves is 93 per cent., somewhat 
lew than the m aximum amount found in the oven dried soy bean leaves. 
Furthermore, this maximum was found in the nasturtium leaves that were 
dried at €0° C. rather than 45° G. as was the case with the soy bean leaves. 
This is in agreement with the optimum temperature for drying plant tissues 
' suggested by Murneek (6) . The nasturtium leaves dried at room tempera- 
ture retained about 10 per cent, more chlorophyll than did the soy bean 
leaves dried at the same temperature. A graphic comparison of the results 
obtained with the two kinds of leaves is shown in fig. 1. 
per 



Fig. 1. A comparison of the chlorophyll retained in dried or stored soy bean and 
nasturtium leaves. The amounts of chlorophyll retained given in per cent, are taken 
from tables I and II. 


m soy bean. jjg nasturtium. 

Effect of desiccation at reduced pressure 

The results of the experiments to show the effect of desiccation at 
reduced pressure are shown in tables III and IV. Nasturtium leaves dried 
in an ordinary desiccator over calcium chloride at atmospheric pressure 
retained only 62 per cent, of the chlorophyll of the fresh leaves, but when 
desiccated at a presfeure approximately equivalent to 27 cm. of mercury, 97 
per cent, of the chlorophyll was retained. Leaf samples from the series that 
was desiccated at the same pressure and subsequently stored in an ordinary 
desiccator over calcium chloride retained 92 per cent, of their chlorophyll 
at the end of ten days, and S3 per cent, at the end of 20 days. This seems 
to indicate that the factors which cause the loss or destruction of the 
chlorophyll in nasturtium leaves are not entirely eliminated by this treat- 
ment Similar results, however, were not obtained with the soy bean leaves 
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TABLE III 

Effect of various methods of desiccation oh chlorophyll content of xxavxs 


Sample no. 

Method or desiccation 

Subsequent 

STORAGE 

Chlorophyll 

RETAINED 

Drying 

agent 

Pressure 

Time 

OVER 

CaCl, 

Soybean 

Nastur- 

tium 

VII K 

CaCl, 

cm. Eg 

76 

day 8 

12 

days 

0 

per cent . 


Ill G 

CaCl, 

27 

3 

0 



Ill E 

a 

27 

3 



92 

Ill F 

i < 

27 

3 

20 


83 

V E 

CaCl, 

27 

5 

0 

89 

■ 

V G 

t < 

27 

5 

10 

89 


X E 

h,so 4 

7 

4 

0 

98 


Ill H 

CaCl, 

27 

3 

Dried at 

98° C. 3 day 


47 


TABLE IV 

Effect of desiccating leaves at reduced pressure in absence of oxygen and 

CARBON DIOXIDE 


Sample no. 

Method or desiccation 

Subsequent 

STORAGE IN 

Chlorophyll 

RETAINED 

Drying 

agent 

Pressure 

i 

Time 

ABSENCE OF 

0, AND CO, 

Soy bean 

Nastur- 

tium 

VI E 

CaCl, 

i 

| cm . Eg 

27 


days 

0 

per cent 
90 

per cent 

VT F 

i < 

27 

H 

10 



IV 1 

1 1 

| 27 


0 



IV J 

a 

27 

■I 

10 


84 


desiccated at this pressure. They retained 89 per cent, of their chlorophyll 
and none of this was lost on subsequent storage. Desiccated at a lower 
pressure, approximately equivalent to 7 cm. of mercury over concentrated 
sulphuric acid, soy bean leaves retained 98 per cent, of their chlorophyll. 
One set of samples, which was dried in an oven at 98° 0. after it had been 
desiccated at reduced pressure, suffered a further loss of about 50 per cent, 
of its chlorophyll. 

The nasturtium leaves that were desiccated at reduced pressure in the 
absence of oxygen and carbon dioxide retained 90 per cent, of their chlorp- 
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phyll which is somewhat lees than was retained by the same kind of leaves 
desiccated at 0m same pressure in air. 'When stored in an atmosphere free 
from oxygen and carbon dioxide for a period of ten days, they suffered a 
further loss of chlorophyll. 

The results obtained with the soy bean leaves desiccated in the. absence 
of oxygon and carbon dioxide are but slightly different from those obtained 
with the same kind of leaves desiccated in air at the same pressure. They 
retained 90 per cent, of their chlorophyll and this was unaltered after being 
stored for 10 days in the same atmosphere. 

Factors contributing to the loss of chlorophyll 

Although the purpose of the present investigation is to determine the 
extent .to which the chlorophyll is lost in stored leaves rather than to deter- 
mine the factors which are effective in bringing about this loss, certain of 
the results obtained are sufficiently suggestive to warrant some speculation 
as to these causes. 

Since only 30 per cent, of the chlorophyll was retained in the leaves 
dried at 98 s 0., it seems apparent that this temperature is sufficiently high 
to bring about the decomposition of the pigment. This is also borne out 
by the fact that the extracts from these leaves were of a dirty brown appear- 
ance rather than the clear green color of pure chlorophyll solutions. Leaves 
that were desiccated at reduced pressure for three days retained 97 per cent, 
of their chlorophyll, but when subsequently dried at 98° C., only 47 per 
cent was retained. This also indicates that high temperatures are destruc- 
tive to chlorophyll, but to a less degree if the leaves are practically free 
from water. 

At lower temperatures, however, other factors are probably responsible 
for the loss of chlorophyll. Link ( 4 ) found that a drying temperature 
below 65° C. did not cheek enzymic activity in green succulent tissue. It 
is stated by Link and Tottingham (5) that even in a vacuum oven 
metabolic changes are inhibited only by a higher temperature (80° C.). 
The optimum temperature for the action of chlorophyllase as stated by 
Willstatter ( 10 ) is about 20° C. Either an increase or a decrease in the 
temperature will retard the activity of the enzyme and the amount of chloro- 
phyll lost due to this factor -will be less. If will be noted that with both 
the soy bean and nasturtium leaves less chlorophyll was retained in those 
dried at 20” C. than in the leaves dried at any other temperature (except 
98” C.). The amount of chlorophyll retained in the dried leaves increased 
whether the temperature of drying was increased or decreased. When the 
leaves were frozen, enzymic activity was probably entirely stopped and the 
leaves stored in that condition retained all of their chlorophyll. Guthrie 
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(3) also found that frozen leaves retained all of their chlorophyll, but that 
the ratio between the components (a and b) was altered. Other factors, 
such as light and the presence of oxygen and carbon dioxide, may have some 
effect on the chlorophyll content of stored leaves, but the ehief factors 
contributing to the loss of chlorophyll seem to be temperature and enzymic 
activity. 

Summary and conclusions 

Soy bean and nasturtium leaves were dried at various temperatnres and 
desiccated at reduced pressure; they were stored at low temperature in 
a refrigerator and frozen with Dry Ice. The chlorophyll content of the 
leaves was determined in the fresh condition and after drying or storage. 
The amount of chlorophyll retained in the leaves was determined and 
expressed in terms of per cent, of the chlorophyll content of the fresh 
leaves. In some cases the results obtained were quite different for the two 
kinds of leaves used. This would indicate that one might expect still dif- 
ferent results if other kinds of leaves were used. For this reason it does 
not seem wise to draw too general conclusions from the results obtained. 
The following points are given as a summary of the results obtained with 
the soy bean and nasturtium leaves. 

1. Leaves dried at high temperatures (98° C.) suffer a considerable loss 
of chlorophyll (approximately 70 per cent.). 

2. Leaves dried at room temperatures (18° C. to 24° C.) lost 20 to 30 
per cent, of their chlorophyll. 

8. The optimum temperature range for oven drying seems to be from 
45° C. to 60° C., but even at these temperatures some chlorophyll may be 
lost. 

4. Low temperatures are ineffective in preventing the loss of chlorophyll 
unless the leaves are actually frozen. 

5. Leaves frozen with Dry Ice retain all of their chlorophyll. 

6. Leaves desiccated at reduced pressure (7 cm. mercury) over concen- 
trated Bulphuric acid at room temperature lost little or no chlorophyll. 

7. Leaves desiccated at reduced pressure in the absence of oxygen and 
carbon dioxide lost more chlorophyll than leaves desiccated in air at the 
same pressure. 

From these results it seems apparent that freezing is the most satisfac- 
tory method of storing leaves for later quantitative determination of the 
chlorophyll. Leaves desiccated at reduced pressure also retain all or nearly 
all of their chlorophyll, but this procedure is possible only i» a laboratory 
where the extraction and determination of the chlorophyll could also be 
carried out directly with the fresh leaves. 
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EFFECT OF FERTILITY ON THE CARBOHYDRATE-NITROGEN 
RELATION IN THE SOYBEAN 1 

F. A. Wilton and V. H. Morris* 

(with three figures) 

Introduction 

In connection with a study of the cause of lodging in soybeans as grown 
in corn for silage it was found that the shading by the com resulted in a 
reduction of the percentage of carbohydrates and total dry matter, and that 
the stems of soybeans thus developed were relatively soft, pliable, and 
weak. In cereals like oats and wheat a similar situation in the stems with 
consequent lodging has been found to develop as a result not only of shading 
but also from hyper-nutrition. In the latter case, particularly in the pres- 
ence of an abundance of nitrates accompanied by suitable moisture relations, 
there was set up within the oat and wheat plants a low carbohydrate- 
nitrogen relation characterized by a preponderance of vegetative growth, 
soft, pliable stems, and consequent lodging. Conversely, under relatively 
poor soil conditions there was developed a high carbohydrate-nitrogen 
relation characterized by a preponderance of reproductive growth, hard, 
rigid, stiff stems, and non-lodging. 

Object 

The purpose of the work presented in this paper was to ascertain if 
hyper-nutrition, particularly an abundance of nitrates, affects the carbo- 
hydrate-nitrogen relation in soybeans, a legume, the same as it has been 
shown to affect the carbohydrate-nitrogen relation in other plants such as 
oats, wheat, and tomatoes. 

Material and methods 

Soybean plants were grown in square-yard areas on poor, medium, and 
rich soils. The poor soil was made by mixing one part of Wooster silt loam 
with three parts of common creek sand which had previously been passed 
through a sand screen in order to remove stones and any coarse foreign 
material. The medium soil consisted of Wooster silt loam which was in a 
good state of fertility. The rich soil was prepared by mixing with one 
part of the loam three parts of well rotted manure. These three classes 
of soil were placed side by side and separated from each other by boards, 
one inch thick and seven inches wide. They are henceforth designated in 
this paper as sand-soil-manure plots. 

i Contribution from the Department of Agronomy, Ohio Agricultural Experiment 
Station. 

* Associates in Agronomy. 
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Soybeans were planted in these plots in 1924 and 1926. In 1924 seeds 
of the Elton variety were planted June 11, putting two seeds in hills spaced 
(me foot apart each way. Samples for analysis we re taken September IS 
when the plants were well developed, but before the leaves had begun to 
drop; In 1925 seeds of the Hamilton variety were sown May 29, and 
samples for analysis were taken September 21. 

In sampling, the leaves were removed and the lower two-thirds only of 
the stems were used. These were cut into pieces one-half to three^fourths 
of an inch long, placed in wide-mouthed, glass-stoppered bottles, covered 
with alcohol, the strength of which, after allowing for the moisture con- 
tained in the plants, was about 70 per cent., and then heated about an hour 
at approximately 78° C. The samples were then set aside and allowed to 
stand for two or three months before analysis. 

Aside from total dry matter, analyses were made for certain of the 
constituents of which the dry matter is composed, namely, free reducing 
sugars, inverted sugars, easily hydrolyzable carbohydrates, cellulose, and 
lignin. 

Results 

The results of the analyses of the plants grown on the three grades of 
fertility sand-soil-manure in the two seasons, 1924 and 1925, were as shown 
in the accompanying table. 

From the table it may be seen that as the fertility of the soil increased, 
the dry matter and the total carbohydrates of the soybean stems decreased. 
Comparing the plants grown in the sand with those grown in the manure, 
the stems of the former contained more free reducing sugars, more easily 
hydrolyzable carbohydrates, more cellulose, and more lignin. As far as 


* TABLE I 

Effect of febtility on composition of soybean stems 


Material 

1024 

1925 

Sand 

Soil 

Manure 

Sand 

Soil 

Manure 


per cent. 

percent. 

per cent . 

per cent. 

per cent . 

per cent . 

Moisture - 

70.2 

72.2 

73.2 

61.2 

63.2 

72.0 

D17 matter.. - .. 

29,8 

27.8 

26.8 

38.8 

36.8 

28.0 

Total nitrogen. — — .. 

0,7 

0.5 

0.6 

0.4 

0.4 

0.4 

Free reducing sugars.-... 

1.0 

1.1 

0.7 

1.4 

0.8 

0.5 

Inverted sugars 

0.3 

0.3 

1.2 

0.1 

1.5 

1.3 

Easily hydrolyiable car- 







bohydrates 

10.2 

10.il 

8.8 

8.2 

9.3 

6.2 

Cellulose 

4.3 

3.3 

2.9 

3.8 

3:3 

2.5 

Lignin * r 

M 

9.1 

7.5 

17.6 

15.4 

10.8 

Total carbohydrates — , 

25.6 

■ - 1 

24.7 

21.1 

1 

31.1 

3&3 

21.3 













WELTON AND MORRIS: CARBOHYDRATE-NITROGEN RELATION 609 

these constituents are concerned, the results are in agreement with these 
found in certain non-leguminous plants, the tomato (1) and oats and wheat 
(3) when the latter were grown under similar environmental soil condi- 
tions. In the soybean, however, the increase in carbohydrates was not 
accompanied by a simultaneous decrease in nitrogen as was found to be the 
case in the non-legumes already mentioned. 

The dissimilar response of the soybean may be due to the development 
of nitrogen-fixing bacteria which live in a symbiotic relationship in the 
nodules on the roots. Leonard (2) found that nodule formation in soy- 
beans is closely related to the carbohydrate-forming function of the plant. 
Since the nitrogen-fixing bacteria are dependent on the host for available 
carbohydrates as a source of energy, the larger the supply of carbohydrates, 
the more favorable are the conditions for the fixation of free nitrogen. It 
may, therefore, be expected that when soybeans are grown under certain 
conditions, such as in a poor soil, the percentage of nitrogen in the tissues 
will more nearly approach that found when the plants are grown under 
conditions which tend to inhibit the accumulation of carbohydrates as in 
the case of soil high in nitrates. The plants grown in the sand in 1925 
showed percentages of nitrogen as high as, and in 1924 higher than, those 
grown in the manure. Apparently this was made possible through the 
relatively greater development of roots and nodules in the plants grown in 
the sand, as shown in table II. 

TABLE II 

Effect of ttpe of sou., sand-soil-man ube, on the weight of soybean plants, in- 
cluding ROOTS, AND NUMBER OF NODULES (7 PLANTS) 


Kind op soil 

Green weight 

Proportion 

OP ROOTS 

Nuhber op 

NODULES 

Tops 

Boots 


gm . 

gm . 

per cent . 


Sand 

455 

30 

6.2 

379 

Soil 

508 

33 

6.1 

237 

Manure 

745 

26 

3.4 

62 


The proportion of roots was nearly twice as high in the plants grown 
in the sand as in those grown in the manure. The growth of tops, however, 
was relatively small and the stems, like those of the non-legumes to which' 
reference has already been made, were comparatively hard and rigid and 
not inclined to lodge. The relative site of roots and number of nodules 
are illustrated in the accompanying figures 1, 2 and 3. 

Further evidence to the effect that low fertility does not necessarily 
result in a low nitrogen content of the soybean was afforded by the analyses. 









PLANT PHYSIOLOGY 



Fie. 1, Boot system of soybean grown on sand. Nodules very abundant. 

of plants grown in Band and manure in the summer of 1928. Both soluble 
and insoluble nitrogen, determinations were made separately on the leaves 
and the entire stems; The results obtained were as shown in table III. 

Moreover, the hind of soil on which soybeans are grown apparently has 
little or no effect on the type of nitrogen compounds in the steins and leaves 
fpr the percentages of soluble and insoluble nitrogen in the pl&ts grown in' 
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Fig. 2. Boot system of Boybean grown on soil. Nodoles less abundant. 

the sand were practically the same as were those in the plants grown in 
the manure. 

Conclusions 

Soybeans grown in sand (3 parts of sand to 1 of Wooster silt loam) 
contained more dry matter and more total carbohydrates than did those 


TABLE III 

NITROGEN in SOYBEANS GROWN IN SAND AND MANURE 



Sand 

Danube 

Material 

Nitrogen 

Nitrogen 


Soluble 

Insoluble 

Total 

Soluble 

Insoluble 

Total. 

Leaves ..... 
Stems 

m 

per cent. 
0.80 

0M 

per cent . 
0.93 
0.64 

per cent . 
0.09 

0.42 

percent . * 
6.78 

Q.22 

percent . 

0.87 
.. 0.64 
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Fig. 3. Boot system of soybean grown on manure. Sparse nodule development. 

grown in either soil (Wooster silt loam) or manure (3 parts of manure to 1 
of Wooster silt loam). In general, the increase was due chiefly to easily 
hydrolyzable carbohydrates, cellulose, and lignin. 

The increase in carbohydrates in the plants grown in the sand was not 
accompanied by a simultaneous dcerease in nitrogen as has been found in 
the case of certain non-legumes. The high nitrogen content of these plants, 
however, was associated with the development of relatively large numbers 
of nodules on the roots of the plants. 

The stems of the plants grown in the sand were comparatively tough and 
rigid and not inclined to lodge. 
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BRIEF PAPERS 
WILHELM HOFMEISTER 

Fbedbich Wilhelm Benedict Hofmeister, the sod of a proprietor of a 
music store, publisher, and book- seller, was born at Leipzig, May 24, 1824. 
The early part of his life was spent as a clerk, with nature study as a 
hobby. Durng later years he was head of Botany Departments, first at 
the University of Heidelberg and later at the University of Tubingen. He 
assumed these positions without university preparation and with only 
experiences as a self-taught student of botany to recommend him. These 
experiences, and experiments, began shortly after be left school at fifteen 
years of age, and led to some of the most profound discoveries ever 
made in the field of botany. Most of his work was accomplished in the face 
of the necessity of providing for a large and growing family, and with the 
physical handicap of poor eyesight, for he was very near-sighted. He 
pursued the study of plants before and after hours of clerical work and at 
odd times. 

Hofmeister ’s earlier education was obtained in a private school, the later, 
in the Leipzig Realschule, where the master taught in a manner that made 
the pupils think for themselves. He left this school at fifteen years of age to 
face the world. He early showed an inclination to study nature, largely 
due to the influence of his father, who was also interested in plants and 
maintained a small but rather varied, systematically arranged garden. At 
first he was more strongly inclined towards zoology, but finally decided 
upon botany. His first salaried position was one in a music store at Ham- 
burg, where in his loneliness he took to roaming the fields. All the while he 
continued self-education by studying languages, music, physics, chem- 
istry, algebra, geography, etc. Remaining a student to the mid, ever 
trying to improve, he learned Greek in his fortieth year. 

After two years at Hamburg he returned to Leipzig and entered into 
business with his father, where he had leisure time to study. Here he spent 
sixteen years and did most of the work for whieh he is famous. At nine- 
teen years of age he had started many fundamental, studies that placed him 
in the front rank of botanists. Schleiden’s Outlines of Scientific Botany 
awakened his interest in developmental history and microscopic research. 
He made field trips even outside of Germany. 

Hofmeister was an excellent teacher for advanced students, rendering 
excellent service in technique and the preparation of materials, besides be- 
ing a wonderful incentive to young botanists, and a drawing agency 
for advanced students. Among these at Heidelberg were: Askenasy, 
Engelmann, Kienitz-Gerloff, N. J. 0. Muller, Boehm, Pfitzer, Kbu- 
titsky, Rosanoff, Timiriasev, Wolkoff, and Millardet, and at Tubingen 
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Zachabias and von Goebel, His quarters were modest, . He spent the 
whole day ha the laboratory assisting students. He seemed to be truly in- 
defatigable. 

Hofueistsb was a man Of small stature, dark skinned, with vivacious 
eyes, the quick movements of a southern Frenchman, a very refined char- 
acter and a kindly humor. He was exceedingly dextrous in the laboratory, 
near-sightedness assisting in making very good microscopic slides. Poor 
eyesight was a handicap in other respects, but he was too sensitive about 
hia appearance to wear glasses. This condition frequently got him into 
humorous positions, as, for instance, greeting every woman he met on 
the street for fear of appearing to slight some one. His greetings were 
not mere perfunctory salutes. He was excellent company and possessed a 
remarkable memory and mind, one that had room for more than the details 
of his profession. The photograph, plate IX, shows him at the age of 43 
years. 

Hqfmeister, in the happy years of a short life, without guiding as- 
sistance other than that of his father and occasional visits with botanists, 
did a monumental work and settled for all time, disputes in regard to 
certain phaseB of plant life. His interests and endeavors in plant research 
were wide and many. 

Camera Bros in 1695 had shown that sexuality existed in plants but 
could not explain the fertilization process. Kolreuter experimented in 
crossing plants and demonstrated the presence of inheritance. The details 
of the process were lacking. In animals Leeuvenhoek thought the sperma- 
tozoa produced the embryo and that the female matured it. Schleiden 
thought the tip of the pollen tube became the embryo in a similar manner. 
He fought stubbornly for this and because of his prestige and gift of argu- 
ment, really obstructed progress. There were numerous theories of fertili- 
zation, of whieh the above are examples, but when twenty-five years of age, 
Hofmejbteh settled the question for all time. His technique was so marvel- 
ous that in Oenothera he could remove the pollen tube from the embryo sac 
without mutilating either. The publication in 1848 of this work in the 
Botanische Zeitang, entitled “Die Entstehung des Embryo der Phanero- 
gams,” is a marvel of direct exposition and is typical of his style. His 
drawings arc numerous, detailed, and exact.- This work won him an hon- 
orary degree of Ph,D. from the University of Rostock. He afterwards 
trorked bn nineteen families of plants. He had seen the egg sac with its 
egg apparatus and antipodak. His lack of university training was no 
longer a handicap. The Royal Saxon Society of Science at Leipzig ad- 
mitted him to membership. V 

Turning to comparative morphology, Hofmexster endeavored to show 
a continuity .through the plant kingdom but seemed to havf no thought 
of the possibility of evolution. He found the function of -the spermato- 
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zoids and arcbegonia in the liverworts and related it to the other crypto- 
gams and phanerogams, and clearly demonstrated the alternation of gen- 
erations. Julius Sachs gave him fall credit for the establishment of the 
basis of phylogeny throughout the plant kingdom. Hofmeister saw and 
recognized the process of fertilization and the liberation of zygospores in 
the desmids and diatoms. He noted also many causal things about plant 
structure; distinguished between axial, leaf, and hair structures, and 
noted their relations. He recognized inheritance, variability, and the mu- 
tation of plants. 

The controversy in regard to the origin of the cell was waxing hot, be- 
fore his call to Heidelberg, with Mibbel, von Mohl, Schleiden, and 
Nageli furnishing most of the commotion. Nageli ’s concept is the one 
commonly accepted today, but Hofmeister made many contributions to the 
details. He saw nuclear division in an embryo and thought that one-half 
of the protoplasm collected around each daughter nucleus. In pollen grains 
he saw the nuclear membrane, and saw it and the nucleoli disappear before 
cell division, and possibly the cell plate and chromosomes. He recognized 
the importance of colloids and their functions in the physical properties of 
protoplasm, and studied the permeability of protoplasm. He saw that 
protoplasm was most abundant in young cells and that cell growth preceded 
cell division, which took place perpendicular to the direction of strongest 
growth. Many had considered plants as being composed of independent 
units or cells. Hofmeister considered the cells as being parts of a corre- 
lated structure. He anticipated and saw plasmodesmen, establishing that 
plants are made up of united protoplasmic structures. He said cell turgor 
was due to osmotic pressure of the cell contents and to water absorption. 

Hofmeister ’ s experimental physiological work was chiefly on the move- 
ment of sap. He noticed that bleeding took place when there was a reduc- 
tion of evaporation and that it was not confined to woody plants. He found 
a sap pressure of 212 mm. of mercury with the poppy and 461 with 
Digitalis. He thought that the tension in the parenchymatous cells and the 
guttation of cell cavities forced soil water into the vessels. He discovered 
the periodicity of sap movement in vines and the negative pressure in stems. 
He observed the curvature of stems due to shock and their subsequent 
straightening out. He thought heliotropism was due to a lade of light on 
one side which caused greater elongation on that side. The geotropic re- 
sponse of roots he thought to be a passive response; to gravity, the one big; 
failure in his observations. He observed that a rise of temperature caused 
tulipflowersto open and a decrease caused them to close. 

f uNS* tw^^^Mbyear HoFMEBTgiltesrried the very reflneddaughter 
of h^I;<^i%“ihittQtS^Jhreri who created for him an extremely happy and 
beautiful domestic lfl§i\ His father had built a large house in Beudnitzi 
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outside of. Leipzig, facetiously called by the members of the family and 
friends, tbe “Patriarchal Tent,’’ where be and his children’s families lived 
in perfect accord. It was a most happy community in which social rela- 
tions functioned perfectly and made an ideal setting for Wilhelm’s wonder- 
ful work. Here he spent sixteen of the happiest and most fruitful years of 
his life. Hofmeister was called to the University of Heidelberg as Pro- 
fessor of Botany in Ordinary, and Director of the Botanical Gardens at the 
age of thirty-nine. All went well until he moved to Heidelberg, where his 
wife contracted pulmonary ailments and died a few years later. This was a 
great blow to him and left him prostrate. Then his youngest daughter also 
contracted pulmonary ailments and died. This was a further severe shock 
to him and seriously interfered with his labors. A second daughter died 
soon afterward. His courage and best powers were gone. At this time dis- 
sention appeared in the faculty at Heidelberg. He did his utmost to avoid 
being drawn into it. On the death of Hugo von Mohl at Tubingen, he 
accepted the call to fill his place, but misfortune followed him. Three of 
his sons had died in infancy, and now the other two, one twenty-one and the 
other twenty-five, contracted pulmonary troubles, presumably tuberculosis, 
and were sent to southern France to recuperate. Here they died within a 
few months. He was unable to attend their funerals since the letter in 
regard to their condition did not reach him, and the laws of France required 
burial within twenty-four hours. His grief overwhelmed him. He became 
morose and dejected, with only an occasional return of his former self. 
Hofheister was keenly interested in the unity of Germany, and during the 
Franco-Prussian war seemed to revive, but for only a brief period. With 
the death of his two sons he saw the passing of his name. He married the 
daughter of a physician at Lindenau, but there were no children of this 
marriage. The honor bestowed by the Dutch Society of Science afforded 
him his last pleasure. He became palsied and lost his speech, an indication 
of the blowB which were to follow. He suffered a stroke of paralysis, from 
which he recovered enough to resume his lectures for a short time. A 
second stroke followed, and it was evident that he must retire from his post. 
Beturning to Beudnitz in the fall of 1876, he seemed to revive, but soon 
suffered another strode on January 5, from which he failed to recover, dying 
a week later, on January 12, 1877, in his fifty-third year. Thus closed a 
brilliant life that under more favorable conditions might have made many 
more contributions to botanical science. 

One must marvel at the immense amount of work of high caliber that 
Hofheister accomplished in his short life of fifty-three years under adverse 
conditions. We should especially remember him for explaining the process 
of fertilisation and. for laying the foundations of phylogeny, — A. H. 
Labsoh, University of Minnesota. 



USEFUL DEVICE FOR EVAPORATING ALCOHOL FROM 
PLANT EXTRACTS 

(with one figure) 

Investigators who analyze plant material are always interested in metn- 
ods which will save them time and labor in carrying out the numerous steps 
involved in most analytical procedures. In carbohydrate analyses, one of 
the steps which requires much time and is often troublesome is the removal 
of the alcohol after extraction with this solvent. 4 

It has been the experience of plant chemists that the removal of alcohol 
must be complete if subsequent clearing of the solutions is to be satisfac- 
tory. Moreover, if certain so-called “biological methods” are to be em- 
ployed in hydrolysis — as for example, the use of the enzyme emulsin in 
the determination of glucosides — the extracts must be free of alcohol, since 
this enzyme is easily inhibited even by low alcohol concentrations. But 
however thoroughly the alcohol needs to be removed, the process is trouble- 
some and time-consuming. If the plant samples taken for analyses have 
been preserved in alcohol, instead of being oven-dried, the removal of 
alcohol becomes even more of a problem. 

The method commonly used is to evaporate the alcohol on a steam or 
hot water bath, either with or without reduced pressure. If evaporation 
is conducted at atmospheric pressure several hours are generally required 
and the solutions, at least in the later stages of evaporation, are subjected 
for a considerable time to a temperature very close to 100° C. Thus, any 
advantage of using the low boiling solvent, alcohol, for extraction is lost by 
subjecting the extracted materials to the temperature of boiling water. 

If reduced pressure is used the time required to free the extract of alcohol 
is somewhat shorter, although it is still quite long. The method has an 
advantage in that the alcohol is recovered and can be re-used. However, 
at the relatively low cost of commercial alcohol, it is very doubtful if this 
advantage offsets the numerous disadvantages of the method. The appara- 
tus requires more or less careful attention to insure the proper intake of 
air to carry off the alcohol vapors and yet prevent splashing of the solutions 
which would result in a loss of solutes ; the flasks occasionally collapse, due 
to outside pressure and the extract is lost; the rate of removal of alcohol 
usually does not take place uniformly in the various'flaska, necessitating 
repeated attention from the analyst. 

The device reported here is very simple and provides a rapid and satis- 
factory method of alcohol evaporation. It consists of an air pomp driven 
by a T/6 H. P. motor, and connected to a piece of 0.75 inch iron water pipe 
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about 8 feet long into which, are fitted, at the proper intervals, 12 curved 
pieces of 3/16 inch copper tubing each about 7 inches long. The apparatus 
described accommodates twelve flasks, although for convenience of illus- 
tration, a battery of only six is shown in fig. 1. 



Fig. 1. Device for rapid evaporation of alcohol from plant extracts. 


The pump used is a Crowell positive blower, delivering 13 eu. ft. of 
air per minute. This supply of air, when divided among twelve flasks, is 
sufficient for rapid evaporation. The pipe carrying the air is fastened in 
such a way to the back of the stand which holds the condensers that it can 
be turned in its clamps to swing the copper delivery tubes into the position 
shown, or back out of the w|y. A piece of rubber hose connects the pipe 
with the pump and permits £he pipe to turn freely. The apertures of the 
copper tubes have been reduced by pinching the ends, thus regulating the 
amount and the force of the air stream from each. A more elaborate 
arrangement for regulating the air stream could doubtlessly be secured by 
special fittings for each copper delivery tube. 

In order that the Soxhlet tubes can be inserted for extraction, the pipe 
is turned in its clamps to Bwing the delivery tubes back out of the way. 
After extraction all that is necessary is to remove the Soxhlet extractors 
and turn the pipe so that the delivery tubes enter the mouths of the extrac- 
tion flasks. The pump is then started and evaporation proceeds at once. 

The figure shows a sand bath heated by gas flames. An electric hot 
plate, of course, serves as well, but if gas is used it should be turned off 
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when evaporation is started so that the alcohol vapors driven out of the 
flasks cannot ignite. The residual heat of the sand hath (or hot plate, as 
the case may hi) aids very materially in the evaporation, and yet is not 
sufficient at the time of complete evaporation to caramelise tike carbohy- 
drates in the flasks. This, however, is never a danger as long as the flow 
of air is maintained. In preliminary work with the apparatus, sugar 
solutions were evaporated to complete dryness with the gas heat on and yet 
no caramelization occurred because of the cooling effect of the rapid air 
stream. In actual work, the extra precaution of turning off the heat is 
always followed. V * * 

Before the pump is started the alcoh^^^.fl^€L^^^' • 

temperature, but when the flow of air is drops ' 

quickly to approximately 35° C. (in the case • 

the cooling effect of rapid evaporation. Near the drying point th^ 
ture may rise to 40° C. The time necessary for the evaporation of 100 Cc> 
of 95 per cent, alcohol is from fifteen to twenty minutes, and even for 80 
per cent, alcohol the time is considerably less than one hour. The method 
is thus seen to effect a rapid evaporation at a low temperature and with a 
simplicity of operation which requires no special care on the part of the 
analyst. 

Apart from its usefulness in the removal of alcohol, which alone justi- 
fies its existence in this laboratory, the device is frequently found useful in 
various procedures where evaporation is necessary. Its description is pre- 
sented here with the hope that other investigators can use it to advantage. 
— F. E. Gardner, Department of Horticulture, University of Maryland , 
College Park, Maryland . 




NOTES 

Seventh Annual Meeting. — The seventh annual meeting of the Ameri- 
can Society of Plant Physiologists will be held in Cleveland, Ohio, Dee. 29, 
1930-Jan. 3, 1931, in connection with the meeting of the American Associa- 
tion for the Advancement of Science. The headquarters of the Society will 
be at the Hollenden Hotel, along with the other botanical societies. The 
call for titles of papers was sent out some time ago, and the Secretary and 
Program Committee should have the support of everyone in making this a 
meeting of unusual value. 

The annual dinner, Monday, December 29, will be featured again, it is 
hoped, by the announcement of the second Stephen Hales prize, and the 
annual award of the Charles Reid Barnes Life Membership. Members 
should reserve this evening first, before making any other engagements for 
dinner programs, or evening lectures. 

Cleveland is an interesting, progressive city, and can be depended upon 
to handle large meetings comfortably. It is centrally located for the north- 
ern states. A large and enthusiastic meeting is an inspiration to a greater 
research program for each individual participant. One cannot afford to 
miss the dynamic stimulation which comes from meeting one’s contem- 
poraries in intimate friendship. 

Fifth International Botanical Congress. — The International Congress 
held at Cambridge, Aug. 16-23, 1930, was a great success. No larger gath- 
ering of botanists has ever taken place, and important steps were taken in 
connection with the work of taxonomists which will have a lasting effect 
upon botany. 

The surroundings of the Congress were ideal, and about 1200 were reg- 
istered. as members, although the number actually in attendance was some- 
what less, about 1000 delegates. The meetings were held in the buildings 
and laboratories of the Colleges of Cambridge University. Examination 
Hall and the Arts School were used for reception and social purposes dur- 
ing the entire period. 

Plant Physiology had probably the largest single section of the Con- 
gress, and was credited with about 200 delegates. The nejrt largest group, 
Ecology, was estimated at 150-200. The meetings of the Physiology Sec- 
tion were held in the central lecture hall on the first .floor of the Botany 
School. The meetings were presided over by Dr. F. F. Blackman, assisted 
by some of the numerous vice-presidents of the section. There were four- 
teen of these, as follows: W. L. Balls, V. H. Blackman, E. Demotjssy, H. 
H. Dixon, P. Botsen Jensen, L. Jost, M. Kobczewski, F. E. Lloyd, H. G. 
LundegJLrdh, N. Maximow, W. J. V. Osterhout, W. Ruhland, , A*; 
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Uhsprung, and F . A. F . C. Went. The recorder of the Section was Wal- 
ts® Stojs, and the secretary, G. E. Briggs. The vice-presidents were 
asked, to occupy the front row of seats which formed part of a great circle 
in front of the demonstration table and the President’s desk. This was 
done presumably to lend dignity and impressiveness to the occasion, and to 
insure that the front seats would be occupied. The vice-presidents dis- 
charged this double duty admirably. 

The programs were originally outlined for six days, but owing to the 
absence of all Russian delegates, the papers assigned to Saturday wore set 
back to Friday morning, leaving the final session vacant for more enjoyable 
purposes, as it was a day of leave-taking. The program on Aug. 18 was 
devoted to the problems of carbon metabolism, especially respiration, a field 
to which the Cambridge School, under Dr. Blackman’s leadership, has 
given much attention in recent years. Two of the papers by Ruhland and 
Bennett-Clark, dealt with the physiology of the organic acids which are 
related to the carbohydrates. 

The following day was given to the consideration of permeability and 
osmotic behavior of plant membranes. This program was led by Jost’s 
interesting paper on protoplasmic permeability. Prof. PrAt of Prague 
showed moving pictures of plasmolysis and swelling of cells, and other 
studies of permeability were presented by H5fler, Irwin, IJlehla, Shull, 
and Brauner. The program emphasized the great complexity of perme- 
ability phenomena, and the impossibility of explaining it according to any 
single hypothesis. 

The Wednesday program centered about mineral nutrition and growth 
of higher plants. LundegArdh described a spectroscopic |^ethod of deter- 
mining the quantity and kind of ions present in soil or plant solutions, and 
other papers dealt with phosphoric acid concentrations and growth of corn, 
mineral nutrition of barley, selective absorption of potassium, and absorp- 
tion of minerals from ^soluble compounds. At 4: 30 P. M. Prof. Clehla 
presented a splendid moving picture film on plant development at the 
Cinema Theater. It showed autonomic and tropic movements of seedlings, 
inflorescences, etc., and was much appreciated. 

On Thursday, certain methods of investigating protoplasmic organiza- 
tion were discussed. Bioelectric potentials, hormones, X-ray studies, vntra 
vitam staining, and regeneration of woody cuttings were all included under 
tiiis broad heading. The final sessions took up growth and development of 
higher plants. Y. H. Blackman’s high tendon electric discharge experi- 
ments on barley growth were discussed, And such topics as nutrient .ions and 
enzyme activity, translocation of halts and metabolites, root behavior of cot- 
ton, the metabolism of xanthine derivatives, alkaloids, and urea in plants, 
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and the structure and function of Utricularia traps, filled out an interest- 
ing and valuable program. 

Too much cannot be said in regard to the cordial spirit of the meetings 
and the social arrangements of the Congress as a whole. In the general 
plenary meetings, the Congress has, let us hope, found a permanent solution 
to the species muddle. A compromise was reached, in which the spirit of 
give and take were approximately equal. All past work in languages other 
than Latin are validated, but from 1932 on, descriptions are to bb in Latin. 
Concessions were made to American workers in regard to types. As the 
miles regarding descriptions were passed unanimously, one should have the 
right to hope that all taxonomists will obey the rules, or leave the descrip- 
tion of species to those who will. The settlement of these controversial 
questions in an amicable manner by the Congress is a great step forward. 

The Congress also voted to accept an invitation sponsored by Dr. F. A. 
F. C. Went, of Utrecht, to hold the next Congress in Holland in 1935. It 
is not at all likely that the meetings would be held at Utrecht, but possibly 
at Amsterdam or Rotterdam, where accommodations would be more 
adequate. 

Membership. — Plant physiologists, or those interested in the literature 
of plant physiology who desire membership in the American Society 
of Plant Physiologists, can make application for membership directly to the 
Secretary-Treasurer, Dr. Wright A. Gardner, Department of Botany, 
Alabama Polytechnic Institute, Auburn, Alabama. The membership has 
become international in character, and plant physiologists in foreign lands 
are also invited to make use of the privilege of direct application to the 
Secretary. Members may also send in the names of friends and colleagues 
who have expressed a desire to become members. The rapid growth of , the 
Society during the last year has now given to Plant Physiology as large 
a circulation as the old well established journals. It reaches more plant 
physiologists than any other botanical journal. 

Portraits. — There are now eight portraits in the gallery which is being 
made available by Plant Physiology to the members of the Society. They 
are purchasable at 12 cents each, postage paid. During J1931 it is hoped 
to continue these portraits, and to add portraits of contemporary plant 
physiologists chosen from among those who have attained the highest dis- 
tinction in this field, especially in countries other than the United States. ■ 

International Address List. — The seeond edition of the International 
Address List was sent out to the members last spring. Some omissions will 
be notld on looking it over carefully. It does not need to be said that these 
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omissions are unintentional. Whenever any one finds a name missing, it 
should be reported, so that future editions can be corrected. To help cover 
the epet of this bulletin, the Secretary omitted the regular membership bul- 
letin, substituting a mimeographed supplemental list of new members added 
during the previous year. The International Address List is so valuable 
that a new edition should be printed every five years, even if we have to 
forego the annual membership list once in five years. 

Errata. — The errors found in the earlier numbers of Vol. 5 of Plant 
Physiology are placed at the end of the table of contents in this issue. If 
the corrections are inserted at the places where the errors occur,, it may pre- 
vent misunderstanding and misinterpretations later on. Members are 
urged to correct all of their files in this way. Assistance on the part of 
authors and readers in detecting errors is invited at all times. 

Celebration at Rutgers University. — The Agricultural Experiment 
Station of New Jersey celebrated its fiftieth anniversary on October 8-9, 
1930. Nearly a thousand visitors participated in this happy occasion. 
Open house was held by the laboratories from 10: 00 A. M. to 2: 00 P. M., 
after which there were a number of addresses, and the unveiling of a 
memorial tablet to the first two directors of the Station, Dr. George H. 
Cook, and Dr. E. B. Voorhees. In the evening a dinner was held 
in Cooper Hall, with about 475 in attendance. Dr. J. G. Lxpman, the pres- 
ent Director, was the toastmaster, and Sir John Bussell of Bothamsted, 
and Dr. S. Orla-Jensen of Copenhagen were among the after-dinner 
speakers. 

On the second day, a meeting was held in the Elizabeth Bodman Voor- 
hees chapel, at which honorary degrees were conferred upon Drs. C. 
F. Marbut, Lm'ayette B. Mendel, Theobald Smith, Sir John Bussell, 
S. ORLA-jBNggp; L. O. Howard, and Chester Lathrop Pack. Following 
the conferring of tiie degrees, a luncheon was held for official delegates from 
other institutions as guests of the Experiment Station staff. 

The American Society of Plant Physiologists was represented at the 
celebration by Dr. John W. Shive, who was appointed as the Society’s dele- 
gate by President H. B. Kraybell. The New Jersey Station has an envi- 
able record for aggressive research, and. deserves a high place in the history 
of Experiment Station development in the United States. It has the good 
wishes of every one of its friends for a greater second half century. 

Physical Measurements. — As an aid to the Committee on Physical 
Methods of the American Society of Plant Physiologists, the Leeds and 
Narthrup Co., 4901 Stenton. Ave., Philadelphia, has prepared a special 
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bulletin. This bulletin was prepared by Mr. Meloher, and deals with 
measurements of hydrogen-ion concentrations, electrolytic conductivity, 
galvanometers, temperature measurements, measurements of radiant , en- 
ergy, humidity measurements, and gas analysis. The bulletin explains the 
usefulness of various types of instruments, and in case they are not handled 
by Leeds and Northrop Co., tells where they may be obtained. 

They have also reprinted an article by Dr. C. Z. Robecrans on “The 
present state of apparatus for hydrogen ion measurements” from the 
January, 1930, issue of the Journal of the American Water Works Associa- 
tion. Copies of the special bulletin and of the Rosecrans reprint may be 
obtained from Leeds and Northrop Co. on request, by any of our members. 
The Leeds and Northrop Co. Notebook no. 3 is a valuable text on the sub- 
ject of hydrogen-ion determinations. 

Physiology and Biochemistry of Bacteria. — Volumes 2 and 3 of this 
work by Buchanan and Fulmer were mentioned briefly in the July num- 
ber of Plant Physiology. Volume 2 is on “The effects of environment 
upon microorganisms,” and volume 3, “The effects of microorganisms upon 
environment, fermentations and other changes produced.” 

The authors must have a keen sense of humor to mention in the preface 
to volume 2 that the treatise is “intended to serve merely as an introduc- 
tion to the subject.” It is hoped that they continue the style and exten- 
siveness of treatment for a complete and exhaustive discussion of Bacteriol- 
ogy, if more is to be given in the present state of knowledge of the subject. 

Volume 2 is a thorough presentation of all phases of environmental 
effects on bacteria, with the physiology and biochemistry fundamental 
thereto. Students who are able to absorb even a fair portion of the infor- 
mation presented will be well trained in physiology, and biochemistry, as 
well as in bacteriology. The discussion of the effects of temperature on 
vital processes in volume 2 is especially good. The discussion of the effeets 
of microorganisms in producing chemical changes in the environment in 
volume 3 is also excellent. One could not expect books of this kind to be 
entirely free of errors, but the authors have used an interesting style, the 
work is carefully compiled, and it is well printed. The bibliographies are 
quite complete for the subjects covered. The Williams and Wilkins Co., 
Baltimore, Maryland. Price, $7.50 each volume. 

Plant Physiology. — The Coulter, Barnes, Cowles Text Book of 
Botany is appearing in a new three volume edition, each part paged inde- 
pendently. Volume two, Physiology, is now available, and can be pur- 
chased for $1.80 from the American Book Co., 88 Lexington Ave., New 
York.. This volume was revised and enlarged by Prof. C. A, SbulL, of 
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Chicago. A large number of citations accompany the text, and literature 
references at die dose of each chapter provide suggestions for much col- 
lateral reading. 

Self Sterility and Hybrid Sterility. — From the press of Julius Springer, 
Berlin, ire have received a copy of volume 21 of -the Monographien ana dem 
Gesamtgebiet der Physiologic der Pflanzen und der Tiere. It is entitled 
‘ ‘ Selbststerilitat und Kreuzungssterilitat im Pflanzenreich und Tierreich,” 
and is written by Dr. Friederich Brieger, of the University of Berlin. 
Following a brief introduction, the work is presented in three sections: A. 
Parasterility of the higher plants; B. Parasterility of the metazoa; and C. 
Parasterility of thallophytes and protista, A general discussion of the 
meaning of self sterility, problems and theories of inbreeding degeneration, 
and sexuality and parasterility concludes the work. A bibliography of 
about 700 titles indicates the thoroughness with which Brieger has covered 
the ground. Including the index, the book contains 395 pages. The priee 
of the monograph is 32 BM unbound, and 33.8 BM hound in cloth. 

Chemistry of Protoplasm. — The fourth volume of Protoplasma- 
monographien has been published by Gebriider Borntraeger of Berlin. It 
iB by Prof. Alexander Kiesel, of the University of Moskau, and is entitled 
“Chemie des Protoplasmas.” There are eight chapters: Protoplasm as a 
whole; cytoplasm and the chemistry of its morphological structure; cyto- 
plasm and its chemical substances; the nucleus and its constituents; the 
resting nucleus and division; the chemical substances of the nucleus; non- 
nucleate cells; and plasmodium of the Myxomycetes as a protoplasmic 
material. A bibliography of 568 titles is included. A book of this kind 
impresses the reader in two directions — with how much, and yet how little 
— we really know about the chemistry of the fundamental living machinery 
of animals and plants. The price of this monograph is 20 BM, and orders 
should be addressed to the publishers, Berlin W 35, Schoneberger Ufer 12a. 
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